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E P A  –  C O M B I N E D  H E A T  A N D  P O W E R  T E C H N O L O G Y  
E V A L U A T I O N  

1 .  I N T R O D U C T I O N  

Wastewater conveyance and treatment is an energy-intensive endeavor.  According to the United States 
Environmental Protection Agency (EPA), water and wastewater treatment and conveyance account for up to 
4 percent of the energy used in the United States.  Publically owned treatment works (POTW) are facilities 
dedicated to treating wastewater.  POTWs consume significant quantities of energy due to their continuous 
operation and complex treatment processes.  The electrical cost of wastewater treatment often accounts for 
more than 25 percent of the total cost associated with operating a POTW.  At most POTWs energy is 
generally consumed by the following: 
 Large water pumps used to import, transfer and discharge wastewater 
 Large air blowers and mixers used to provide air to biological treatment processes 
 Solids handling equipment such as mixers, conveyors, and dewatering devices 
 Solids volume reduction and disposal equipment, such as dryers and incinerators 
 A wide range of auxiliary motors as required for supplying compressed air, reclaimed water distribution, 

odor control, etc 
 Process area ventilation and lighting 
 Administrative and laboratory building heating, ventilating, and air-conditioning (HVAC), and lighting. 

Current emphasis on energy conservation and sustainability encourages more responsible use of non-
renewable resources, including those fossil fuels used for the production of the vast majority of the USA’s 
electrical power production.  As an appropriate response, many utilities are considering methods to reduce 
and/or offset the power required to treat wastewater.  Such reductions have the environmental benefits of 
reducing consumption of nonrenewable fuel resources and reducing greenhouse gas emissions associated 
with power generation, but also result in economic savings in the form of reduced power consumption and 
costs. 

This document is primarily intended for use by wastewater professionals, including POTW decisions makers.  
Its purpose is to provide an in-depth examination of commonly used combined heat and power (CHP) 
technologies for converting anaerobic digester gas to electrical power and process heat.  Chapter 1 of this 
document introduces the concept and use of CHP systems in conjunction with an anaerobic digestion 
process.  Chapter 2 introduces and provides a detailed discussion of several power producing technologies 
that are suitable for digester gas fuel.  Chapter 3 includes editorial and graphical comparisons of the CHP 
technologies presented in this document.  Chapter 4 discusses other factors such as infrastructure 
requirements, digester gas treatment, and electrical connections that POTW decision makers should carefully 
consider when evaluating CHP technologies.  Chapter 5 considers other beneficial uses for digester gas other 
than CHP.  Chapter 6 provides detailed case studies of several POTWs currently operating digester gas-fueled 
CHP systems.  Chapter 7 includes a literature review of several sources used to develop this document.  
Chapter 7 also includes a discussion on areas of disagreement between the literature and the information 
presented in this document.  
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1.1 Anaerobic Digestion with Combined Heat and Power 
One proven means for reducing electric power consumption at POTWs is to use anaerobic digestion to 
produce digester gas and then use the digester gas as a fuel for the combined production and beneficial use of 
heat and electrical power.  While the use of anaerobic digestion reduces power and/or fossil fuel 
consumption compared to other accepted sludge processing technologies (e.g., aerobic digestion and thermal 
drying), the particulars of anaerobic digestion optimization will only be covered peripherally in this document.  
Instead, given its objective, this document was written with the assumption that interested POTWs either 
already operate an anaerobic digestion system or have made the decision to implement anaerobic digestion in 
the future. 

For most POTWs, use of digester-gas-fueled CHP has the potential to offset energy consumption by up to 
40 percent.  The overall percentage of energy recovery is a combination of factors including the effectiveness 
of the digestion process, the efficiency of the CHP system, the type of treatment processes, and the efficiency 
of the POTW’s liquid stream treatment.  Other measures can be undertaken to offset energy consumption 
even further.  Some plants have been shown to be completely energy-self-sufficient.  The Strass plant in 
Austria, the Grevesmühlen plant in Germany, and the Himmerfjärdsverket plant in Sweden are examples of 
plants that are energy-self-sufficient.  A few POTWs in the USA are reportedly close to being fully energy-
self-sufficient and occasionally produce more power than is needed.  These POTWs include the Point Loma 
Waste Water Treatment Plant in San Diego, California and the Joint Water Pollution Control Plant in Carson, 
California. 

In the past, and as a general rule of thumb, CHP systems have been thought to be cost-effective only at 
POTWs with treatment capacities in excess of 10 million gallons per day (mgd).  The reason for this can be 
summed up by economies of scale.  While CHP projects, including all required ancillary systems such as 
digester gas treatment and heat recovery, may require less capital investment and have lower installation costs 
at small POTWs, total project costs do not scale proportionally with systems at larger POTWs.  However, 
more and more POTWs treating less than 10 mgd are evaluating the potential for CHP systems at their 
facilities.  In fact, a few of these smaller POTWs are successfully operating CHP systems and many would 
argue that the traditional 10-mgd threshold should be revised to about 4 or 5 mgd.  For example, the EPA’s 
Combined Heat and Power Partnership (CHPP) estimates 5 mgd of wastewater is equivalent to about 100 
kW of electric power generation capacity.  The gradual change in this paradigm is due in large part to the 
ability of POTWs to receive and condition alternative feed stocks for their anaerobic digestion systems and, 
to a lesser extent, making process enhancements to pretreatment and digestion systems.  Alternate feedstocks 
include fats, oils, and grease (FOG), food waste, and process waste from beverage industries.  The addition of 
FOG and other highly digestible waste streams to the anaerobic digestion process can dramatically enhance 
digester gas production, making CHP systems cost-effective at POTWs with wastewater flows less than 10 
mgd.  Regardless of wastewater treatment capacity, POTWs operating or considering CHP should evaluate 
the potential to add FOG and/or other digester feed stocks to the anaerobic digestion process.  The 
increased digester gas production translates directly into cost offsets for electric power and greater heat 
production for use as process heat. Additional process heat offsets a larger portion of supplemental fuel needs and 
associated costs.  Increased gas production from alternative feedstocks can be achieved without using up 
valuable digestion capacity because FOG and similar materials are so readily degradable. 

This document provides guidance for options to implement digester-gas-fueled CHP considering a variety of 
factors, including: 
 Equipment and maintenance costs 
 Electrical/mechanical efficiency and heat recovery efficiency 
 Gas quality and treatment requirements 
 Emissions performance and requirements. 
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1.2 Technical Background 
As the name suggests, the purpose of power plants is to produce power, most often in the form of either 
electricity or mechanical power.  A common consequence of power generation is the production of heat.  A 
common means of dealing with unused heat is releasing it to water bodies or the atmosphere.  However, many 
processes, including anaerobic digestion at POTWs, require heat input or process heat.  One of the 
distinguishing features of CHP systems is the capture of unused heat and its subsequent conversion to usable 
process heat.  Only systems that couple electric or mechanical power generation with thermal energy for process 
heating can be defined as CHP, or “cogeneration”. 

The following paragraphs describe the conversion of digester gas, a by-product of the decomposition of 
volatile organic matter in wastewater, into cogeneration fuel.  Chapter 2 of this document provides a detailed 
discussion of common CHP technologies, or prime movers, in use at POTWs.  Prime mover is a term that is 
commonly used to describe the central element of a CHP system that is responsible for the conversion of fuel 
to heat and power. 

In the simplest of terms, wastewater treatment is the removal of solid and dissolved materials from raw 
sewage.  The residuals removed from the wastewater downstream of the POTW’s headworks are commonly 
referred to as sewage sludge.  Proper disposal of sewage sludge requires additional treatment or stabilization.  
One of the most common sewage sludge stabilization methods is anaerobic digestion, which results in 
pathogen kill and the reduction of the mass of sewage sludge solids through the breakdown of volatile solids.  
The anaerobically stabilized solids are often referred to as biosolids and are typically land-applied as a soil 
amendment, incinerated or disposed of at municipal landfills. 

Table 1-1 presents some of the common characteristics of anaerobic digester gas. 
 

Table 1-1.  Characteristics of Anaerobic Digester Gas 

Item or Parameter 
Digester Gas 

Range Common Value 
Methane, CH4, percent (dry basis) 60 – 70 65 
Carbon dioxide, CO2, percent (dry basis) 30 – 45 39 
Nitrogen, N2, percent (dry basis) 0.2 – 2.5 0.5 
Hydrogen, H2, percent (dry basis) 0 – 0.5 0.2 
Water vapor, H2O, percent 5.9 – 15.3 6 
Hydrogen sulfide, H2S, ppmv (dry basis) 200 – 3,500 500 
Siloxanes, ppbv 200 – 10,000 800 
Specific gravity (based on air = 1.0) 0.8 – 1.0 0.91 
Ignition velocity, maximum, feet per second 0.75 – 0.90 0.82 
Higher heating value, HHV, Btu per cubic foot 600 – 650 620 
Lower heating value, LHV, Btu per cubic foot 520 – 580 560 

Notes: 
All percentages are by volume. 
The abbreviation ppmv is parts per million, by volume.  The abbreviation ppbv is parts per billion, by volume. 
As produced, mesophilic digester gas at 98 degrees F is water saturated and contains about 6 percent water vapor. 
As produced, thermophilic digester gas at 131 degrees F is water saturated and contains about 15 percent water vapor. 
A fuel’s higher heating value (HHV) includes the heat of vaporization of water. 
A fuel’s lower heating value (LHV) does not include the heat of vaporization of water. 
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Anaerobic digestion can involve large process vessels (with volumes often exceeding one million gallons), in 
which bacteria, in the absence of oxygen, break down volatile solids, releasing biogas.  The material that 
remains after the digestion process is referred to as biosolids.  Most anaerobic digesters are operated at 
mesophilic temperatures between 95 and 100 degrees F (35 to 38 degrees C).  Thermophilic digesters operate 
at temperatures between 124 and 138 degrees F (51 to 59 degrees C). 

The digestion of the volatile solids causes the formation of methane-rich biogas, more commonly known as 
digester gas.  The composition of digester gas is primarily methane (CH4) and carbon dioxide (CO2).  Given 
its high methane content, digester gas is highly flammable and must be carefully managed.  In the past the 
most common method of managing ever-evolving digester gas was to combust it in a flare. 

1.3 CHP Advantages 
The purpose of this section is to provide a more detailed discussion of the primary advantages of operating a 
digester gas-fueled CHP system at a POTW.  Keep in mind that an anaerobic digestion process at a typical 
POTW can support a synergistic relationship with a CHP system for the following reasons: 

 Anaerobic digestion processes provide a “free” source of fuel for CHP systems 
 CHP systems can supply all of the heat required by the anaerobic digestion process 
 CHP systems can offset a significant portion of a POTW’s electric power demand 
  POTWs are usually designed and constructed to operate for several decades and can therefore provide a 

long-term fuel supply to the CHP system. 

1.3.1 Heat Recovery 

An adequate and reliable supply of sufficient process heat is critical to the anaerobic digestion process.  While 
available digester gas and the POTW’s electrical needs are important considerations when selecting a CHP 
system, useable heat must also be given careful consideration.  Given the continuous heat requirements of the 
anaerobic digestion process, it is common for POTWs to select and operate CHP systems with the 
production of useable heat as the primary objective, with onsite electric power generation being an added 
benefit. 

All CHP systems presented in this document incorporate anaerobic digester heating.  Depending on the local 
weather conditions at the POTW and the specific anaerobic digestion treatment process employed, as well as 
several other factors, a CHP system might provide all of the heat required to operate the anaerobic digestion 
process.  In the event that the CHP system does not provide adequate heat, the shortfall can be met by 
backup natural-gas-fired boilers.  Should a CHP system provide heat in excess of the anaerobic digestion 
requirements, the additional heat may be sufficient to heat some onsite facilities or treatment processes.  
Water heating and space heating are other options for using excess CHP heat. 

Depending on a POTW’s specific needs, heat can also be used to produce chilled water and thus maximize 
the overall CHP system heat use.  Currently, absorption chillers are the most common and well proven 
method of converting heat energy into mechanically refrigerated chilled water.  Excess CHP system heat, if 
hot enough, can be used, via an absorption chiller, to produce 45 degree Fahrenheit chilled water for building 
space cooling during warm months.  An additional benefit of cooling with absorption chillers is the use of 
water as the refrigerant and the elimination of conventional refrigerants (i.e., chlorofluorocarbons, or CFCs) 
that are expensive and can be harmful to the earth’s ozone layer and contribute to global warming. 
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1.3.2 Context of CHP Retrofit Applications 

In many anaerobic digestion installations, including those without CHP, heat recovery from the combustion 
of digester gas achieves the operating temperatures prescribed by the digestion process and replenishes heat 
that may be lost from the digester and associated sludge piping.  A commonly employed non-CHP method of 
heating anaerobic digesters is the use of digester-gas-fueled boilers.  Boilers are efficient producers of process 
heat in the form of either hot water or steam, which is used to heat raw sludge and maintain process 
temperatures.   

When considering retrofitting existing boiler-heated digestion systems with CHP, the retrofit should be 
viewed from a whole process perspective.  Otherwise boilers, with their current digester gas demand, 
represent a “sunken” digester gas use as the CHP system receives only the “leftover” digester gas.  Figure 1-1 
is a graphical representation of this ill-conceived approach.  Using this approach fails to maximize potential 
efficiencies and results in the following process shortcomings: 

 Boilers often use between one-third and two-thirds of the available digester gas for process heating thus 
decreasing CHP electricity production by a proportionate amount. 

 Some CHP devices require cooling.  The dissipation of unused heat that could potentially heat the process 
results in additional energy consumption to operate radiator fans and/or cooling water pumps, thus 
reducing the overall efficiency of the CHP system even further. 

 Because the temperatures of the raw sludge varies seasonally, the amount of available digester gas for 
CHP under such a configuration is considerably less in the winter than the summer, resulting in even 
more extreme gas peaking factors.  As such, this approach requires either more, smaller units or 
acceptance of less optimal operation of the partially loaded CHP equipment. 

As a comparison, Figure 1-2 shows a CHP retrofit feeding all of the digester gas to the CHP equipment.  
Recovered heat meets process demands and the existing boilers serve to either back up or supplement the 
CHP heating during periods of peak process heat demand. 
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Figure 1-1.  New CHP System Coupled with an Existing Boiler – Less Productive Approach 

 

 
Figure 1-2.  New CHP System Coupled with an Existing Boiler – Most Productive Approach 
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The following figure further illustrates the advantages of operating a CHP system.  The Sankey diagram 
clearly depicts the vastly superior efficiency and subsequent cost savings inherent to operating a CHP system 
in place of individual and separate power and boiler plants. 
 

 
Figure 1-3.  Comparison of CHP and Conventional Approaches to Energy Production 

1.3.3 Electric Power Generation 

As previously mentioned, digester gas is combustible and when properly handled is a renewable energy source 
and valuable commodity.  A large number of digester gas use applications involve the generation of electricity.  
Digester-gas-fueled electric power generation projects are attractive for the following reasons: 

 Generated electricity is available for immediate use. 
 Electricity is often expensive and represents one of the largest costs associated with operating a POTW. 
 Generated power displaces high priced retail purchases from power utilities. 
 In some cases generated electricity can be made available for export and sale to power utilities. 
 Many digester-gas-fueled power generation technologies have long and successful track records. 
 Generated electricity is a product of biogenic carbon and is carbon neutral.  The generated power 

displaces electric-utility-produced power. 
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1.3.4 Carbon/Green House Gas Implications 

Greenhouse gases (GHG) are gases present in the Earth’s atmosphere.  As their name suggests, GHGs 
contribute to the greenhouse effect.  The greenhouse effect is critical to sustaining life on Earth and is a key 
mechanism which aids in regulating the Earth’s temperature.  The greenhouse effect warms the Earth as 
GHGs absorb and emit radiation within the thermal infrared range.  Greenhouse gases primarily include 
carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O).  Global warming refers to the acceleration of 
the greenhouse effect and the rise in the Earth’s temperature brought about by additional GHG emissions 
that result from human activities.  Global Warming Potential (GWP) is a scale that allows the comparison of 
GHGs in terms of their relative capacities for global warming.  By definition, the GWP of CO2 is one.  
According to the Second Assessment Report, issued by the Intergovernmental Panel on Climate Change 
(IPCC) in 1995, the GWPs of CH4 and N2O are 21 and 310, respectively. 

One the advantages of operating a CHP system in conjunction with anaerobic digestion is the opportunity to 
reduce the POTW’s GHG emissions associated with otherwise purchased electrical power.  The term carbon 
footprint is a generally accepted and convenient way to describe the net GHG emissions caused by any given 
entity.  It is important to understand that an entity is responsible for any GHG emissions emitted on its 
behalf by a third party.  Due to this distinction, GHG emissions are characterized as either direct emissions or 
indirect emissions and are, to a significant degree, associated with the production of energy.  In the case of 
POTWs, direct emissions are the result of energy production from a source owned or operated by the entity.  
For example, the CO2 emissions from a natural gas-fired boiler used to produce thermal energy are 
considered direct emissions.  Conversely, indirect emissions are the result of energy production by a third 
party.  For example, the CO2 (and to a lesser extent CH4 and N2O) emissions that result from the generation 
of electric power by an electric utility and purchased by a POTW are considered indirect emissions 
attributable to the POTW. 

The operation of a CHP system can significantly reduce a POTW’s direct and indirect GHG emissions.  
Direct emissions can be reduced by supplanting natural gas or diesel fuel with digester gas to produce electric 
power and thermal energy.  The production of electricity onsite from digester gas also results in the reduction 
of indirect emissions as the amount of electricity purchased from a power provider is reduced. 

The combustion of digester gas, by flaring or operation of a CHP system, does emit GHG emissions, 
including CO2 and very small amounts of N2O and uncombusted CH4.  However, the CO2 emissions (which 
represent over 99 percent of the total emissions normalized by GWP) are considered neutral and are not 
counted against the energy producer’s carbon footprint.  The reason for this is that the carbon found in 
digester gas is biogenic, meaning that it is already part of the global carbon cycle.  On the other hand, CO2 
emissions that result from the combustion of fossil fuels count against the carbon footprint of the 
responsible party.  This is because the carbon found in fossil fuels was previously sequestered inside the earth 
and subsequently added to the global carbon cycle due to human activities.  In other words, the previously 
sequestered carbon was not “in play.”  Carbon that is released into the global carbon cycle by human activity 
is known as anthropogenic carbon.  In contrast to the CO2 emitted during combustion of biogenic fuels like 
digester gas, N2O and uncombusted CH4 must be accounted for in a facility’s carbon footprint. 

Case studies of CHP facilities, presented in Chapter 6 of this document, include an accounting for N2O and 
uncombusted CH4, which contribute to the POTW’s overall carbon footprint.  An accounting of CO2 is also 
provided that, in many cases, is required to be reported separately but not included in the POTW’s overall 
carbon footprint. 
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1.4 Analytical Tools Developed by the Water Environment 
Research Foundation 

As has already been discussed, the use of electric power represents one of the largest annual operating costs 
for POTWs.  As energy prices continue to rise, more effective recovery and use of the methane-rich digester 
gas produced by anaerobic digestion of wastewater solids offers an opportunity to significantly reduce 
purchased energy costs.  In addition to the rising cost of energy, POTWs are also faced with increasingly 
stringent regulations governing the quality of stabilized wastewater solids and potential air emission rates.  
Together, these factors (energy costs and regulatory standards for biosolids quality and process emissions) 
have resulted in renewed interest in the use of anaerobic digestion of wastewater solids for digester gas 
production and on-site energy recovery at POTWs.  Further, there is a great need for comprehensive 
information on the most attractive (cost-effective) energy recovery options for these facilities, which can vary 
substantially depending on plant specific factors.   

There is a wide variety of systems that enable energy recovery from wastewater solids in the form of 
anaerobic digester.  Further, the selection of optimum equipment for recovering digester gas energy can be 
challenging due to several factors that require careful consideration including, digester gas quantity and 
methane content, concentrations of impurities such as hydrogen sulfide and siloxanes and moisture, recovery 
equipment capital and operating costs, and air emission considerations.  To address these challenges the 
Water Environment Research Foundation (WERF) commissioned the development of a comprehensive 
report to assist wastewater professionals in assessing and selecting the best energy recovery option for a 
POTW, given its site specific conditions.   

The objective of the report was to develop a model for comparing the benefits and costs of alternative 
technologies for digester gas energy recovery throughout the lifetime of the treatment facility, as a function of 
plant design and operating factors, as well as external parameters such as the costs for energy, capital costs, 
and operating costs.  The model developed in conjunction with the WERF report is a spreadsheet calculator 
known as the Life Cycle Assessment Manager for Energy Recovery (LCAMER).  The LCAMER model 
enables wastewater professionals to make informed decisions on the feasibility of adopting energy recovery 
from the anaerobic digestion of wastewater solids based on the site-specific criteria listed above.  The 
LCAMER model also allows wastewater professionals to compare the relative economic merits of one energy 
recovery technology to another over the life of the systems, based on site-specific criteria and potential end 
uses of the equipment (for example generating electricity or driving pumps or air compressors).  The model 
includes criteria air pollutant emission factors for the various energy recovery processes, so that it is possible 
to determine if certain processes might be better than others for use in regions of impaired air quality.  The 
LCAMER model also makes provision for claiming credits for carbon dioxide reductions in the cost analysis, 
if allowable.  In recognition that some energy recovery technologies may have lower emission rates of air 
pollutants (e.g., NOx, SOx, CO and particulates) than others, emission factors have been incorporated into the 
spreadsheet so that emission rates of the air pollutants are calculated for all technologies evaluated.  As a 
result, the LCAMER model brings together in one model all of the different options for recovering the 
energy value of digester gas.   

Many of the economic functions for capital and operating and maintenance costs were developed based on 
actual treatment plant data acquired from over 40 wastewater treatment plants in North America; these 
functions are supplemented by data from equipment suppliers and an extensive review of the technical 
literature.   

A detailed user’s manual accompanies the LCAMER model, guiding the user through the spreadsheet cells in 
which data should or should not be entered.  Several tutorial examples are provided to illustrate the use of the 
LCAMER model.  The model contains default values for most criteria; however, it is flexible and allows the 
user to input site-specific values and override default values where applicable.  Using designated spreadsheet 
entry cells, users can assess the relative effectiveness of different anaerobic digestion processes, gas 
pretreatment systems, and energy recovery technologies.  The model outputs can be expressed as simple 
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payback period or internal rates of return.  Provision has been made to factor in the availability of monetary 
grants and, where applicable, the potential credits for reduction of greenhouse gas emissions.  In summary, 
the LCAMER model is intended to guide wastewater professionals through the requisite technical and 
economic considerations for selecting the most effective energy recovery system for their site-specific digester 
gas application. 
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E P A  –  C O M B I N E D  H E A T  A N D  P O W E R  T E C H N O L O G Y  
E V A L U A T I O N  

2 .  S U M M A R Y  O F  C O N S I D E R E D  T E C H N O L O G I E S  

This chapter provides an overview of combined heat and power (CHP) prime movers commonly used in 
conjunction with anaerobic digestion of sewage sludge.  This chapter also summarizes basic performance 
criteria for each CHP technology in tabular format.  Basic performance criteria for each CHP technology are 
based on full load operation and include only those prime movers that fit within the typical size range suitable 
for use at a publicly owned treatment works (POTW).  CHP performance criteria were compiled from 
multiple sources and therefore represent an approximate range of values. 

2.1 Internal Combustion Engines 
Internal combustion engines are the most widely used and time-tested CHP technology fueled by digester gas.   

2.1.1 Description 

Internal combustion engines generally fall into one of two categories:  compression-ignition (commonly 
called diesel engines) and spark-ignition.  Spark-ignition engines are almost exclusively used for CHP 
applications fueled solely by digester gas. 

The use of digester gas to fuel internal combustion engines at POTWs dates back to the early twentieth 
century.  The first identified system, as reported by the Severn-Trent Water Authority, was installed at a 
treatment plant in Birmingham, England in 1921.  According to the publication Power, the first system in the 
United States was installed in Charlotte, North Carolina in 1928.  Since the 1930s, digester-gas-fueled internal 
combustion engines have become more and more common at POTWs. 

 
Table 2-1.  Internal Combustion Engine Performance Characteristics 

Performance Characteristics1, 2 Lean Burn Engine Advanced Generation 

Size (kW) 110 – 2,700 400 – 3370 

Electrical Efficiency (%) 30 – 38 37 – 42 

Thermal Efficiency (%) 41 – 49 35 – 43 

Equipment Cost ($/kW) 465 – 1,600 465 – 1,200 

Maintenance Cost ($/kWh) 0.01 – 0.025 0.01 – 0.025 

Availability (%) 90 – 96 90 – 96 

Overhaul Frequency (hours) 28,000 – 90,000 30,000 – 90,000 

NOx Emissions (lb/million Btu) 0.015 – 0.870 0.017 – 0.44 

CO Emissions (lb/million Btu) 0.163 – 2.160 0.34 – 0.92 

1.  Performance at full continuous duty rated load. 

2.  Performance characteristics provided by Caterpillar, Jenbacher, MAN, MWM, and Waukesha. 
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Virtually all cogeneration engines installed from the 1950s through the 1970s were the rich-burn type; 
meaning that those engines require a high fuel-to-air ratio.  Since the inception of cogeneration engines, 
manufacturers have spent considerable effort to improve older generation engines and develop new engines 
that emit lower exhaust emissions. 

 

 
Figure 2-1.  Internal Combustion Engines at Bergen County Utility Authority, Little Ferry, NJ 

 

Lean-burn is the common designation for engines with lower fuel-to-air ratios.  In addition to lower exhaust 
emissions, lean-burn engines also achieve higher fuel efficiency due to more complete fuel combustion.  
These improvements have led to the gradual elimination of rich-burn engines.  Since the 1990s, many 
POTWs have converted existing rich-burn engines to lean-burn operation or installed new lean-burn engines 
in order to achieve improved exhaust emissions.  In many jurisdictions it is no longer possible to permit rich 
burn engines.  As was previously noted, most digester gas-fueled CHP systems are located at POTWs treating 
in excess of 10 mgd.  POTWs of this size are usually found in areas with large populations, which typically 
have much more stringent air quality standards than rural areas where smaller POTWs are usually located.  
Thus, if a POTW produces sufficient digester gas to support a CHP system, it is likely that local air quality 
requirements will preclude the use of rich-burn engines. 

In 2001, national research laboratories, together with large engine manufacturers, Caterpillar, Cummins, and 
Waukesha received contracts from the United States Department of Energy to make further improvements to 
lean-burn engines.  The goal of the program, known as ARES (for Advanced Reciprocating Engine Systems), 
was to achieve significant improvements in lowering exhaust emissions and increasing fuel efficiency.  Other 
engine manufacturers, not part of the ARES program, independently worked toward the same goal.  The 
results of the ARES program and the efforts of other engine manufacturers is that more efficient, cleaner 
burning engines are now available in the market place with several already installed and operating.  This is 
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important because improved fuel efficiency, when coupled with cogeneration, enables POTWs to offset an 
even greater portion of their electrical demands by maximizing the produced electricity from the available 
digester gas fuel.  Since 2005, more high efficiency, new-generation, lean-burn engines have been put into 
service.  

The basic performance criteria presented in the table above and discussed throughout this chapter represent 
only lean-burn engines currently available in the digester gas market.  Internal combustion engine emissions 
are heavily influenced by the type of emissions controls in place, hence the wide range of emissions data 
presented in the table above. 

Throughout this chapter, basic performance criteria summaries are provided for the common CHP 
technologies presented in this document.  Electrical and thermal efficiencies are based on the lower heating 
value (LHV) of digester gas; approximately 560 Btu/ft3.  With the exception of steam boilers industry 
standards for the prime movers presented herein is to use LHV.  The higher heating value (HHV) of a fuel 
refers to its chemical energy.  Conversely, a fuel’s LHV is a measure of its capacity to be converted to useful 
energy and does not include the energy present in the water vapor that forms as a product of combustion. 

Equipment costs presented in this chapter include the cost of the prime mover and all equipment provided as 
part of the manufacturer’s prime mover package, such as heat recovery and emissions control equipment.  
Other equipment required for the complete CHP system, such as digester gas treatment equipment, fuel 
compression equipment, and electrical synchronizing equipment and switch gear are not included.  
Maintenance costs do not include the cost of fuel. 

The performance criteria presented throughout this chapter was supplied by prime mover manufacturers in 
response to the authors’ requests for information.  In this section, performance criteria for lean burn engines 
were compiled from information provided by Caterpillar, Jenbacher, and MWM. 

2.1.2 Heat Recovery 

Heating of sewage sludge for anaerobic digestion is the most common use for thermal energy produced by 
internal combustion engines at POTWs.  Most anaerobic sludge digesters operate at mesophilic temperatures 
between 95 and 100 degrees F (35 to 38 degrees C), while some digesters operate at thermophilic 
temperatures of up to 138 degrees F (59 degrees C).  When properly designed, sufficient heat from internal 
combustion engines can usually be harnessed and used as process heat to completely maintain the anaerobic 
digestion treatment process.  In the event that process heat from the internal combustion engine needs to be 
supplemented to meet the needs of the anaerobic digestion process, the digesters can be heated using a boiler 
fueled by auxiliary fuel.  However, if process heat from the internal combustion engine is available in excess of 
the anaerobic digestion needs, the excess heat can be utilized elsewhere.  Note that this is also true of other 
CHP technologies presented in this report and will be discussed in more detail in Chapter 4. 

Heat is the primary byproduct of mechanical power generation by internal combustion engines.  Power 
production and the formation of heat by internal combustion engines are a consequence of the conversion of 
fuel energy that results from combustion.  The literature indicates that up to 70 percent of the heat produced 
by internal combustion engines is recoverable.  Jacket water and engine exhaust are almost exclusively 
responsible for the recoverable heat from internal combustion engines.  Jacket water and engine exhaust each 
account for up to 30 percent of recoverable fuel energy as heat.  A small amount of heat is sometimes 
recoverable from engine turbochargers and lube oil systems.  Figure 2-2 is a process flow diagram of a typical 
internal combustion engine based CHP system and shows the engine cooling and heat recovery systems. 

Internal combustion engine blocks require continuous cooling with jacket water.  Jacket water cooling 
systems regularly produce hot water reaching up to 200 degrees F from the heat recovered from the engine 
block.  Engine exhaust temperatures can reach 1200 degrees F.  However, not all engine exhaust heat is 
recoverable.  In order to prevent corrosion of exhaust system components it is important that engine exhaust 
temperatures be maintained above the dew point (typically above 300 degrees F) to prevent condensation.  
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The remaining engine exhaust heat, available for recovery, is capable of generating low pressure steam (15 
psig) or hot water, up to 220 degrees F. 

While engine heat is recoverable in the form of steam most POTW’s prefer to recover engine heat in a hot 
water heat reservoir.  Typically, heat reservoir systems are heated by a water or steam boiler.  However, where 
cogeneration engines are used, the heat reservoir can be heated by separate heat exchangers dedicated to 
various process flows, including engine jacket water, auxiliary cooling water, and engine exhaust.  In turn, the 
heat reservoir transfers a portion of its heat to circulating sludge through sludge heat exchangers.  The 
coupling of sludge heat exchangers to the heat reservoir facilitates the transfer of recovered engine heat to 
circulating sludge, thus maintaining the appropriate digestion temperature. 

 

 
Figure 2-2.  Process Flow Diagram of Typical Internal Combustion Engine CHP System 

2.1.3 Exhaust Emissions 

The primary challenge in selecting internal combustion engines for CHP is exhaust emissions.  Typically, 
exhaust emissions from internal combustion engines are higher than those produced by other prime movers.  
The most significant pollutants found in internal combustion engine exhaust emissions are carbon monoxide 
(CO) and oxides of nitrogen (NOx).  Volatile organic compounds (VOCs) are also important emission 
pollutants, given that these non-methane hydrocarbons become more prevalent as the degree of fuel 
combustion decreases.  Oxides of sulfur (SOx) and particulate matter (PM) are largely dependent on the fuel 
source.  In the case of digester gas fuel, these pollutants are often present. 

As has been previously discussed, lean burn engines were developed in response to stricter emissions 
regulations.  In most jurisdictions, lean-burn and new generation lean-burn engines are operating and 
complying with the local air permitting requirements.  By operating at fuel-to-air ratios up to 100 percent in 
excess of the stoichiometric ratio, lean-burn engines operate with lower temperatures in the combustion 
chamber, which results in lower CO, NOx, and VOC emissions.  In response to stricter air emission 
regulations, most existing rich-burn engines have been converted to lean-burn technology to reduce 
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emissions.  To improve rich-burn engine emissions, catalytic converters have been tried with minimal success 
because even momentary trace amounts of siloxanes and sulfur compounds can quickly foul catalytic 
converters.  The best available control technology (BACT) for digester gas-fueled internal combustion 
engines is lean-burn combustion only.  Internal combustion engines manufacturers continue to work at 
developing new engines with improved fuel efficiency and emissions performance.  As a result several new 
generation lean-burn engines have reached the market place in recent years.   

Table 2-1 summarizes the advantages and disadvantages of operating a reciprocating internal combustion 
engines as part of a CHP system. 

 
Table 2-2.  Internal Combustion Engine Summary 

Advantages Disadvantages 
• Suitable for most POTWs due to availability in wide range of fuel 

input requirements. 
• Reliable, well-proven technology available from several reputable 

manufacturers. 
• Greatest combined electrical and thermal efficiency of all CHP 

technologies. 
• Less sensitive to siloxanes and hydrogen sulfide in fuel than other 

CHP technologies. 
• Capable of being maintained and understood by plant staff. 
• Requires fuel pressurized to only 3 to 5 psig. 

• May require fuel pretreatment to avoid potential engine damage or 
efficiency loss. 

• Requires continual cooling. 
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2.2 Combustion Gas Turbines 
Technically speaking, combustion gas turbines are a type of internal combustion engine.  However, given the 
differences between combustion turbine and internal combustion engine machinery, it is appropriate to 
define combustion gas turbines as a separate and distinct prime mover technology. 

2.2.1 Description 

Combustion gas turbines, commonly referred to as “gas turbines,” are another common and well-proven 
industrial prime mover.  Combustion gas turbines are often a good fit at the largest POTWs.  In the United 
States, several large POTWs have successfully utilized digester-gas-fueled combustion gas turbines to 
simultaneously generate electric power and usable heat energy.  Combustion gas turbines consist of three 
primary sections.  The function of the turbo compressor is to compress large quantities of atmospheric air.  Fuel 
mixes with the compressed air within the combustion chamber and ignites.  The combustion gases can reach 
temperatures of up to 2,500 degrees F.  The turbine, or expander, then extracts mechanical energy from the 
expanded, high-temperature gases, producing power and driving the turbo compressor.  Both the compressor 
and turbine sections consist of multiple stages of blades that rotate at high speeds. 

 
Table 2-3.  Combustion Gas Turbine Performance Characteristics 

Performance Characteristics1, 2 Conventional Turbine Recuperated Turbine 

Size (kW) 1,200 – 15,000 4,600 – 4,700 

Electrical Efficiency (%) 26 – 34 36 – 37 

Thermal Efficiency (%) 40 – 52 30 – 45 

Equipment Cost ($/kW) 1,100 – 2,000 1,800 – 2,000 

Maintenance Cost ($/kWh) 0.008 – 0.010 0.013 – 0.014 

Availability (%) 95 – 97 95 – 97 

Overhaul Frequency (hours) 30,000 – 50,000 30,000 – 35,000 

NOx Emissions (lb/million Btu) 0.101 – 0.280 0.098 

CO Emissions (lb/million Btu) 0.123 – 0.494 0.119 

1.  Performance at full continuous duty rated load. 

2.  Performance characteristics provided by Solar Turbines. 
 

Combustion gas turbines typically require slightly less frequent maintenance than reciprocating internal 
combustion engines.  However, maintenance of combustion gas turbines requires specialized service.  As a 
result, it is important to have local service support in the POTW area. 

For large POTWs considering a combustion turbine based CHP system, it may be to the POTW’s benefit to 
arrange the combustion gas turbine as a combined cycle system.  When operated as a combined cycle, hot exhaust 
from the combustion gas turbine is directed to a heat recovery steam generator (HRSG), which produces the 
needed high pressure steam that drives the steam turbine.  The advantage of combined cycle systems is the ability 
to achieve higher electrical efficiencies, up to 50 percent or more.  However, combined cycle systems also have 
limitations which usually prohibit their implementation at POTWs.  First, combined cycle systems are more 
complex and expensive than other CHP systems.  Second, combined cycle HRSGs produce superheated 
steam often in excess of 400 pound per square inch gauge pressure (psig) and 700 degrees Fahrenheit.  In 
addition to the safety concerns associated with superheated steam, the production of high pressure steam, in 
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excess of 15 psig, requires full-time “24/7” staffing of the HRSG by a certified onsite boiler operator.  Third, 
usable heat that otherwise would have been available for digester heating or other uses is reduced due to the 
conversion of the turbine exhaust heat into electrical or mechanical power.  For these reasons, combined cycle 
systems are not given further consideration in this document. 

 

 
Figure 2-3.  Combustion Gas Turbine at the Village Creek Wastewater Treatment Plant, Fort Worth, TX 

2.2.2 Heat Recovery 

Heat energy is recoverable from combustion gas turbines equipped with a HRSG.  In contrast to 
reciprocating internal combustion engines, which have multiple sources of potential heat recovery, heat 
recovery from combustion gas turbines is available only from the exhaust.  Recovered combustion gas 
turbines heat can be used in the form of hot water, low-pressure steam, or high-pressure steam. 

Some of the newer combustion gas turbines include optional recuperators which preheat combustion air.  A 
recuperator is a type of gas-to-gas or gas-to-air heat exchanger that utilizes heat from hot turbine exhaust 
gases to preheat the combustion air before it enters the combustion chamber.  After passing through the 
recuperator, the turbine exhaust gases enter the atmosphere. 

The use of a recuperator has some advantages and disadvantages, depending on the objectives of the POTW.  
Use of a recuperator enables a combustion gas turbine based CHP system to operate at a higher electrical 
efficiency.  All combustion gas turbine systems report lower emissions with the use of a recuperator.  The 
drawbacks to recuperator use are that they can be expensive and tend to be more susceptible to damage 
caused by siloxanes in the digester gas. However, this can be mitigated by treating digester gas fuel more 
thoroughly than for non-recuperated combustion gas turbines.  The POTW’s power and heat generation 
objectives as well as cost, digester gas treatment, and emissions require careful evaluation when considering a 
recuperator as part of a combustion gas turbine based CHP system. 
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Figure 2-4 depicts the process flows associated with a typical simple cycle, combustion gas turbine CHP 
system without recuperation. 

 

 
Figure 2-4.  Process Flow Diagram of a Typical Simple Cycle,  

Combustion Gas Turbine System without Recuperation 

 

2.2.3 Exhaust Emissions 

In most jurisdictions, some form of exhaust emissions control is necessary for any proposed combustion gas 
turbine.  Suitable emissions reduction technologies are usually one of three forms: 

1. Dry, low-NOx combustors – This is the newest and often the most attractive emissions control 
technology.  In some cases it may be the only technology appropriate for digester gas operation.  Most of 
the newer and the more advanced combustion gas turbines are available with dry, low-NOx combustors.  
However, not all combustion gas turbine manufacturers offer this new technology.  It is expected that 
significant improvements to the dry, low-NOx units will be forthcoming. 

2. Water or steam injection – Wet technologies such as water or steam injection directly into the turbine’s 
combustion zone can substantially reduce a turbine’s NOx exhaust emissions by lowering combustion 
zone temperature.  The tradeoff for lower NOx emissions is higher CO emissions.  However, CO 
emissions can be controlled by using an oxidizing catalyst.  Water and steam injection emissions control 
systems require a continuous consumption of high-quality water, which may be expensive to operate for 
some POTWs that do not have a high-quality water source. 

3. Catalytic converters – This post-combustion technology can be expensive relative to other options, but 
more importantly, it should be used with complete gas treatment. Catalytic converters often follow water 
or steam injection for improved performance.   
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The following basic performance criteria are limited to combustion gas turbines in sizes suitable for use at 
POTWs.  Table 2-2 provides a summary of the advantages and disadvantages associated with operation of 
combustion gas turbine based CHP system. 

 
Table 2-4.  Combustion Gas Turbine Summary 

Advantages Disadvantages 
• Reliable, well-proven technology available from several reputable 

manufacturers. 
• High thermal efficiency. 
• Contain fewer moving parts and generally require less frequent 

maintenance than internal combustion engines. 
• Relatively clean exhaust emissions. 
• Suitable for unattended operation. 

• Less energy efficient than internal combustion engines. 
• Warm weather (above 59 degrees F) and high elevation reduce 

power generation and fuel efficiency. 
• Require high pressure fuel (100 to 400 psig) which requires costly 

fuel compression. 
• Require specialized maintenance. 
• Available in a limited number of larger sizes. 
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2.3 Microturbines 
First introduced about 15 years ago, microturbines are a relatively new CHP technology that has become 
more popular in recent years due to their clean emissions and relatively small sizes. 

2.3.1 Description 

As the name suggests, a microturbine is a much smaller version of a combustion gas turbine.  Having evolved 
from large engine turbochargers and similar high-speed turbo machinery, microturbines are essentially small 
high-speed recuperated combustion gas turbines.  Microturbines are fully packaged modular machines that 
comprise the smallest capacity CHP units available.  Some of the new technologies featured in microturbines 
include extended-surface recuperators, non-lubricated air bearings, and ultra-fast operating speeds. 

 
Table 2-5.  Microturbine Performance Characteristics 

Performance Characteristics1, 2 Microturbine 

Size (kW) 30 – 250 

Electrical Efficiency (%) 26 – 30 

Thermal Efficiency (%) 30 – 37 

Equipment Cost ($/kW) 800 – 1,650 

Maintenance Cost ($/kWh) 0.012 – 0.025 

Availability (%) 85 – 90 

Overhaul Frequency (hours) 30,000 – 50,000 

NOx Emissions (lb/million Btu) 0.120 – 0.190 

CO Emissions (lb/million Btu) 0.520 – 1.760 

1.  Performance at full continuous rated duty load. 

2.  Performance characteristics provided by Capstone and Ingersoll-Rand. 
 

For effective operation, microturbines require exceptionally clean fuel.  In the past, several California POTWs 
with microturbine installations have experienced operational difficulty due to insufficient digester gas 
treatment.  Several POTWs no longer use their microturbines due to operational, maintenance, and fuel 
quality issues.  However, these issues can be mitigated to provide better operation and performance. 

2.3.2 Heat Recovery 

Similar to the larger combustion gas turbines, heat recovery is only available from the microturbine exhaust.  
Most microturbines are equipped with a recuperator that is used to preheat the combustion air with a portion 
of the exhaust heat.  While improving electrical efficiency, recuperators limit the overall heat recovery from 
microturbines by lowering the gas temperature leaving the exhaust.  Recovered microturbine heat is available 
for digester heating or other heating needs, typically in the form of hot water. 

The following figures show a Wisconsin CHP system with 10 microturbines and the typical equipment 
arrangement of a microturbine-based CHP system, respectively. 
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Figure 2-5.  Microturbine Installation at the Sheboygan Regional WWTP 

 

 
Figure 2-6.  Process Flow Diagram of Typical Microturbine System 
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2.3.3 Exhaust Emissions 

Microturbine exhaust emissions are amongst the lowest of all CHP prime movers.  Air pollutants from micro-
turbines are mainly CO and NOx, with some VOCs, while PM is negligible.  Microturbines, all of which feature 
dry, low-NOx technology for lean combustion, achieve their lowest emissions when operated at full load.  
Conversely, as the percentage of full-load operation decreases, the exhaust emissions increase. 

Table 2-3 is a summary of microturbine advantages and disadvantages. 

 
Table 2-6.  Microturbine Summary 

Advantages Disadvantages 

 Are available in smaller size ranges (30 to 250 kW) for smaller gas 
flows or smaller capacity plants. 

 Produce low levels of NOx and CO exhaust emissions. 
• Are relatively quiet and suitable for outdoor installation without 

adding a separate building. 

• Low electrical and thermal efficiencies compared to other CHP 
technologies. 

• Require significant fuel gas cleanup. 
• Require high pressure fuel (75 to 100 psig) which requires fuel 

compression. 
• Warm weather (above 59 degrees F) and high elevation reduce 

power generation and fuel efficiency. 
• Due to issues with fuel treatment, thus far have not demonstrated 

a long service life. 
• Currently available from only two manufacturers, thus competition 

is limited. 
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2.4 Fuel Cells 
Fuel cells are electrochemical devices used to continuously produce electricity.   

2.4.1 Description 

Fuel cells produce power and heat as a result of fuel conversion that occurs due to electrochemical reactions.  
Unlike other CHP technologies, which combust fuel to produce power and heat, fuel cells convert chemical 
energy to electricity in a continuous non-combustion based manner.  Fuel cells consist of an anode and 
cathode, separated by an electrolyte.  Hydrogen (H2), extracted from the digester gas, diffuses to the anode 
catalyst and dissociates into positively charged ions and negatively charged electrons.  The ions then pass 
through the electrolyte to the cathode while the electrons bypass the electrolyte via a wire, creating an electric 
current, and then flow into the cathode.  At the cathode, the electrons and ions reunite and together they 
react with oxygen to form water.  Although fuel cells are characterized as non-combustion devices, steam is 
required as part of the fuel conversion process and is generally produced by the combustion of a small 
amount of fuel within the fuel cell’s reformer. 

Within the fuel cell unit there are several main process modules: 

1. Gas cleanup unit – This module purifies the digester gas and removes nearly all potential contaminants.  
Fuel cell stacks are extremely sensitive to certain impurities and only exceptionally pure, clean and 
pressurized methane gas (CH4) leaves this module to the fuel cell reformer.  Digester gas must be cleaned 
prior to introduction to the gas reformer.  Minute quantities of sulfur compounds, including H2S, will 
quickly damage the fuel cell’s nickel catalyst within the cell stack if not removed. 

2. Reformer – This device combusts a very small amount of the fuel to vaporize water to produce steam.  
The reformer then mixes this pressurized high temperature steam together with the pure CH4 gas from 
the gas cleanup module to produce the hydrogen gas essential to the fuel cell operation. 

3. Cell stack – The cell stack is the device that actually produces electricity from the hydrogen gas (H2) and 
consists of an anode, cathode, and electrolyte.  The distinguishing feature amongst the various types of 
fuel cells is the electrolyte employed in their respective cell stacks.  Regardless of the type employed, the 
electrolyte allows the transfer of ions from the anode to the cathode but prevents the transfer of electrons.  
Instead, the electrons flow through an external circuit and create the power generated by fuel cells. 

4. Inverter – The inverter consists of electrical devices that convert the direct current (DC) electric power 
created by the fuel cell into alternating current (AC) and transforms this AC power into the required 
system voltage. 

The most notable fuel cell characteristics are high power generation efficiency and extremely clean exhaust 
emissions.  Fuel cells operate without noticeable vibration and are exceptionally quiet although certain system 
accessories may cause minimal noise.  In terms of the capital cost per kW produced, fuel cells are one of the 
most expensive CHP technologies.  However, fuel cells have been particularly attractive in California due to 
that state’s Self-Generation Incentive Program (SGIP).  According to the terms of the SGIP for the year 
2009, subsidies of $4,500/kW for renewable energy projects up to 1 MW were available for fuel cells.  Under 
the terms of the 2009 SGIP internal combustion engines and microturbines did not qualify for the subsidy.  
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Table 2-7.  Fuel Cell Performance Characteristics 

Performance Characteristics1 Molten Carbonate Fuel Cell2 Phosphoric Acid Fuel Cell3 

Size (kW) 300 – 1,200 200 

Electrical Efficiency (%) 40 – 45 36 – 40 

Thermal Efficiency (%) 30 – 40 NA4 

Equipment Cost ($/kW) 4,390 – 4,660 3,800 – 5,280 

Maintenance Cost ($/kWh) 0.004 – 0.019 0.004 – 0.019 

Availability (%) 90 – 95 90 – 95 

Overhaul Frequency (hours) 10,000 – 40,000 10,000 – 40,000 

NOx Emissions (lb/million Btu) 0.003 – 0.006 0.003 – 0.006 

CO Emissions (lb/million Btu) 0.006 – 0.016 0.006 – 0.016 

1.  Performance at full continuous duty rated load. 

2.  Performance characteristics provided by FuelCell Energy. 

3.  Based on historical data.  PAFCs are not currently available for use with digester gas. 

4.  The authors are not aware of any digester gas-fueld PAFCs that recovered heat. 
 

Four different types of fuel cells are now in active commercial service or are now undergoing development, 
including the following: 

1. Phosphoric Acid Type Fuel Cells – The first commercial fuel cells used in POTW applications were the 
phosphoric acid (PAFC) type.  Several POTWs, located throughout the United States, operate PAFCs 
with anaerobic digester gas.  Some of those installations have over 7 years of operational experience with 
PAFCs which suggests this is an established and proven technology.  Most of the early PAFCs were 
manufactured by ONSI (now UTC Power).  During the early development of fuel cell technology, 
FuelCell Energy also manufactured PAFCs but has since discontinued the manufacture of this type of fuel 
cell.  UTC Power does not currently market any fuel cells in the digester gas market.  To the authors’ 
knowledge there are not currently any PAFC units being marketed for use with digester gas.  Therefore, 
further discussion of fuel cells, beyond what is contained in this chapter, will not include PAFCs.   

2. Molten Carbonate Type Fuel Cells – Many of the more recent fuel cell installations since 2003 have 
used the molten carbonate type fuel cell (MCFC).  Portions of the MCFC, such as the reformer, and the 
inverter are similar to those in PAFCs.  One important difference is the lithium and potassium carbonate 
electrolyte solution that allows the transfer of electrons within the unit.   

3. Solid Oxide Type Fuel Cells – While the solid oxide fuel cell (SOFC) continues its development, it is 
not yet ready for long-term digester gas use.  Further consideration to SOFCs will not be provided in this 
document. 

4. Proton Exchange Membrane Type Fuel Cells – Proton exchange membrane (PEM) fuel cells are 
relatively new and at this time are not suitable for use with digester gas.  For this reason, PEMs will not be 
discussed any further in this document. 

Both the PAFC and MCFC are mature technologies with established and proven track records.  Both have 
been shown to be suitable for use with anaerobic digester gas at POTWs.  To the authors’ knowledge, there 
are no POTW digester-gas-fueled SOFC or PEM fuel cell installations in service.  These fuel cell types are 
not likely to be ready for digester gas service within the next few years and are therefore not given further 
consideration in this document. 
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2.4.2 Heat Recovery 

In contrast to the previously described CHP technologies that produce heat by fuel combustion, fuel cells are 
driven by electrochemical reactions.  The electrochemical reactions that occur within fuel cells are 
exothermic, meaning that heat is evolved from the reaction.  In addition to heat, the electrochemical reactions 
also produce water.  The heat generated by the electrochemical reaction is sufficient to immediately vaporize 
the water formed during the same chemical reaction.  Heat produced by the electrochemical reaction is 
available for digester heating but rarely in sufficient amounts to supply the entire amount of heat required by 
the digestion process.  Most fuel cell based CHP systems require a boiler to make up the shortfall of heat 
energy not provided by the fuel cells thus maintaining the anaerobic digesters at the appropriate temperature.  
Boilers found at POTWs generally operate with either digester gas or natural gas.  Therefore, the use of a 
boiler to supplement POTW heating needs decreases the overall CHP system efficiency and does not 
maximize the energy available in anaerobic digester gas. 

PAFCs operate at about 350 degrees F and produce low grade heat suitable for anaerobic digester heating 
with hot water.  MCFCs operate at much higher temperatures, reaching about 1,250 degrees F.  In addition to 
anaerobic digester heating, the recoverable heat from MCFCs is also capable of producing sufficient high-
pressure steam to drive a steam turbine, generating additional power. 

A process flow diagram of a general fuel cell CHP system is shown on Figure 2-7. 

 

 
Figure 2-7.  Process Flow Diagram of Typical Fuel Cell System 

2.4.3 Exhaust Emissions 

Fuel cells represent the CHP technology with the lowest exhaust emissions.  This is because fuel cells rely 
primarily on electrochemical reactions to convert fuel into hydrogen with only a small amount of fuel being 
combusted to produce steam for the reformer.  Given their extremely clean emissions, the authors are not 
aware of any jurisdictions within the United States that require air permitting for fuel cells. 
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Table 2-4 summarizes the advantages and disadvantages associated with fuel cell technology. 

 
Table 2-8.  Fuel Cell Summary 

Advantages Disadvantages 

• Produce exceptionally low levels of NOx and CO exhaust 
emissions. 

• Are frequently exempt from air permitting. 
• Have very high electrical power efficiency.  
• Are extremely quiet. 
• Are suitable for unattended operation. 

• Require extremely clean fuel. 
• Require highly specialized contract maintenance and servicing. 
• Cell stacks have short lives; typically 5 years or less. 
• Produce less recoverable heat than internal combustion engines 

and gas turbines. 
• Have a long start-up time. 
• Susceptible to periodic shut-downs during warm weather, unless 

equipped with a load bank. 
• Continuously consume fresh water. 
• Currently available from only one manufacturer. 

 

 
Figure 2-8.  Molten Carbonate Fuel Cells at the Moreno Valley Regional Water Reclamation Facility 
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efficiency of boiler/steam turbine CHP systems limit their use in smaller POTWs.  For these reasons 
boiler/steam turbine CHP systems will not be given further consideration beyond this chapter. 

2.5.2 Heat Recovery 

As previously stated, steam turbines require a separate source, typically a steam boiler, to provide the high 
pressure, often superheated, steam required for operation.  However, heat recovery from steam turbine 
systems does not occur at the steam source.  Instead, heat recovery occurs by extracting heat from the steam 
only after it has been exhausted from the steam turbine.  The recovered exhaust steam can then directly heat 
the anaerobic digesters.  Another heating option is to first convert the exhaust steam to hot water for indirect 
heating applications. 

2.5.3 Exhaust Emissions 

Emissions from steam turbine based CHP systems are a direct result of fuel combustion within the boiler.  
Boiler exhaust emissions consist primarily of CO, NOx, SOx and PM. 

A steam turbine and steam boiler CHP system is shown on Figure 2-10. 

 

 
Figure 2-10.  Process Flow Diagram of Typical Boiler and Steam Turbine System 

 

Some of the advantages and disadvantages associated with steam turbine/steam boiler CHP systems are 
summarized in Table 2-5. 
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Table 2-9.  Steam Turbine Generators With Steam Boilers 
Advantages Disadvantages 

• Can produce low levels of NOx and CO exhaust emissions. 
• Boilers require fuel pressurized to only 3 to 5 psig, 

approximately. 
• Steam turbines are typically very reliable and long-lasting 

machines. 
• Requires only moderate fuel gas treatment. 

• Electrical power generation efficiency is usually low. 
• Usually only applicable for facilities with very large biogas quantities. 
• Requires a large boiler, producing high pressure steam. 
• High pressure steam boilers must be continually staffed. 
• Must provide a large condenser to cool the steam for optimal 

performance. 
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E P A  –  C O M B I N E D  H E A T  A N D  P O W E R  T E C H N O L O G Y  
E V A L U A T I O N  

3 .  C O M P A R I S O N  O F  C H P  T E C H N O L O G I E S   

Digester gas-fueled combined heat and power (CHP) systems are typically sized differently than other types 
of CHP systems.  For example, large power plants and standby generators are usually sized based on electric 
output, while natural gas-fueled CHP systems are typically sized based on thermal output.  In contrast, 
digester gas-fueled CHP systems are generally sized based on available fuel energy.  The prime movers 
discussed throughout this document are available in several different sizes with a broad range of electric 
power generation and heat recovery capacities.  With multiple prime mover technologies available, it is 
important to select the best device that can most closely satisfy electric power generation and heat recovery 
objectives, as determined by the publically owned treatment works (POTW). 

The purpose of this chapter is to assist the reader in selecting an appropriate type and size of prime mover for 
a particular CHP application based on the available digester gas and the facility’s electric power generation 
and heat recovery goals.  This chapter includes several Venn diagrams that provide a comparison of certain 
performance characteristics for each of the prime mover technologies presented in this document.  The Venn 
diagrams are intended to provide the reader with a general sense of which prime mover technology might be 
most appropriate for a given set of operational conditions and objectives specific to their CHP facility.  In 
addition to the Venn diagrams, this chapter also includes a diagram that depicts a common, step-wise 
approach to making a preliminary prime mover selection. 

3.1 Suitability Considerations 
The amount of digester gas fuel available is often the main driver in selecting an appropriate CHP prime 
mover.  The Venn diagrams presented below provide a comparison of prime movers for select performance 
characteristics.  The prime mover comparisons are shown in terms of fuel requirement as Btu per hour 
(Btuh).  The fuel requirement displayed for each technology is based on the needs of a single prime mover 
only.  However, many digester gas-fueled CHP systems consist of multiple prime mover units, allowing the 
POTW to meet electrical, thermal, and other CHP system objectives while closely matching the amount of 
available fuel. 

Knowing the amount of digester gas fuel available for CHP, the reader should enter the Venn diagrams along 
the X-axis and then move upward to determine the type of prime mover, and the number of units required, 
that might be suitable for the performance characteristics shown on the Y-axis.  Because the range of fuel 
required by some CHP prime movers can be broad, it is necessary to plot the X-axis of the Venn diagrams on 
a logarithmic scale.   

In some cases other factors may supersede fuel availability in the selection of a prime mover.  For example, in 
California and a few large metropolitan air districts air emissions regulations can be the primary driver in the 
selection of the prime mover and CHP system design. 
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3.1.1 Prime Mover Equipment Costs 

The cost data presented on Figure 3-1 represent the unit costs for the prime movers only.  Costs associated 
with engineering, digester gas treatment equipment, electrical switchgear, and integration with POTW heat 
distribution systems, and whether or not the prime movers are housed in a dedicated building with requisite 
heating, ventilating, and air-conditioning (HVAC) are not included.  These costs often represent the majority 
of the overall project cost.  For example a CHP system, consisting of two new 1,750 kW internal combustion 
engines, constructed in 2010 in Columbus, Georgia was completed for a total cost of approximately $14 
million.  The internal combustion engines were purchased for a cost of $1 million each, or about 14 percent 
of the total project cost. 
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Figure 3-1.  Prime Mover Equipment Costs 
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3.1.2 Prime Mover Maintenance Costs 

Operation and maintenance (O&M) costs shown below represent only maintenance and not the cost of 
associated labor.  The cost of major and minor equipment overhauls is included.  To a certain extent, O&M 
costs depend on the electric power generation and heat recovery capacities of the prime mover.  Smaller units 
typically cost more to operate and maintain per kilowatt hour (kWh) than larger units.  Also, O&M costs for 
multiple unit CHP facilities are usually lower than for single unit CHP facilities.  Other factors such as 
mechanical sophistication and operator expertise and training can significantly impact O&M costs. 
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Figure 3-2.  Prime Mover Maintenance Costs 

 

In the case of time-tested and proven technologies, such as internal combustion engines and combustion gas 
turbines, O&M costs, including overhaul costs, are well defined.  Internal combustion engine and combustion 
gas turbine manufacturers regularly report O&M costs inclusive of major overhauls.  However, the cost of 
major overhauls is not typically reported in O&M costs for microturbines and fuel cells.  When major 
overhauls are included, the O&M costs for microturbines and fuel cells could more than double.  Also, there 
is generally more variability inherent with O&M costs and major overhaul costs microturbines and fuel cells.  
Microturbines don’t necessarily have high prime mover O&M costs, but they do have high fuel treatment 
costs and their overall CHP O&M costs can be proportionally high due to their relatively small output.  
Likewise, fuel cells have demanding gas treatment requirements and specialized operation and maintenance 
needs.  The brief history of digester gas-fueled fuel cells indicates that cell stacks become depleted and must 
be replaced after about 3 years of service.  Cell stack replacement should be characterized as a major 
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overhaul, but is rarely included in O&M costs.  Though typically not included in O&M cost figures, fuel cell 
O&M costs should include the annualized cost of cell stack replacement.   

While not included in prime mover O&M costs, POTWs should carefully consider the cost of digester gas 
treatment when designing a CHP system and selecting a prime mover.  Digester gas treatment costs can range 
from $0.015 to 0.025 per kWh.  Digester gas composition, in particular hydrogen sulfide (H2S) concentration, 
is a large contributor to the overall CHP system O&M cost. 

3.1.3 Prime Mover Emissions 

Because fuel cells do not involve combustion, per se, they are clearly the cleanest CHP technology in terms of 
CO and NOx emissions.  This is due to the fact that fuel cells rely on an electrochemical conversion process 
to generate electric power and heat from digester gas.  Internal combustion engines, combustion gas turbines, 
and microturbines are combustion technologies and as a result produce higher emissions.  However, several 
emissions control technologies are available for use with combustion equipment that can significantly lower 
emissions to meet regulatory requirements.  The data presented in the following charts for combustion 
technologies represent the range of emissions achievable with and without controls. 

 

0.00

0.50

1.00

1.50

2.00

2.50

0.10 1.00 10.00 100.00 1,000.00

CO
, l
b/
M
M
Bt
u

Fuel Input, MMBtuh
Lean Burn Engine Gas Turbine Microturbine

Advanced Lean Burn Engine Recuperated Gas Turbine Molten Carbonate Fuel Cell
 

Figure 3-3.  Prime Mover CO Emissions.  
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Figure 3-4.  Prime Mover NOx Emissions 

 

All of the data used to generate Figures 3-1 through 3-4 is based on information gathered from prime mover 
manufacturers and the authors’ experience.  Product data for several prime movers is included in the 
appendix. 

3.2 Prime Mover Preliminary Selection 
As previously stated, the purpose of the diagrams presented in this chapter is to assist POTW decision 
makers in making a preliminary prime mover selection.  When considering the various types and sizes of 
digester gas-fueled prime movers available, the POTW should first establish the quantity of digester gas that 
is available for use in the CHP system to get a general sense of the possible electric power generation capacity 
of the system.  In most cases POTWs should select a prime mover option that consists of multiple smaller 
units that, when combined, can accommodate the available digester gas while also providing the flexibility to 
remove a unit from service for maintenance or when digester gas production is low. 

Once the preliminary size range of the prime mover has been established, the POTW should evaluate its heat 
recovery needs and ensure that the selected prime mover can provide the heat required.  The form or type of 
recoverable heat is important and should be carefully considered.  In most cases, only combustion gas 
turbines can reliably produce high temperature, high pressure steam.  The other commonly used types of 
prime mover are suitable for producing high temperature and low temperature hot water.  An understanding 
of heat recovery needs and actual heat recovery options should help the POTW narrow the selection of a 
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prime mover even further.  Exhaust emissions are another important consideration and in some air quality 
jurisdictions can be the overriding driver for the selection of the most applicable type of prime mover.    

Figure 3-5 is graphical representation of a common approach to selecting a prime mover. 

 

 
Figure 3-5.  Prime Mover Selection Diagram 

Fuel cells have historically been chosen for CHP applications that require exceptionally low emissions or have 
been funded, in large part, by grants.  These drivers make the selection of fuel cells somewhat unique and 
thus fuel cells are not included in the prime mover selection diagram above.  For facilities with less than about 
600,000 Btuh of digester gas, CHP is typically not cost effective due to the cost of digester gas treatment. 
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The steps for selecting a prime mover, as displayed in Figure 3-5, are described in more detail as follows: 

Step 1 – Compute the fuel energy (Btuh) of the digester gas available for CHP use based on its lower 
heating value (LHV); about 560 Btu/ft3 for digester gas. 

Step 2 – Make a preliminary assessment of prime mover size based on the energy value of the digester 
gas as calculated in Step 1. 

Step 3 – Determine the relative importance of heat recovery for POTW process needs. 

Step 4 – Make a preliminary prime mover selection based on the digester gas energy value and the 
importance for heat recovery as determined in Steps 2 and 3, respectively. 

Step 5 – Calculate the prime mover’s approximate electric power generation capacity (kW) by dividing 
the digester gas fuel energy (Btuh), as calculated in Step 1, by the prime mover’s heat rate provided in 
Figure 3-5. 

Step 6 – After making the preliminary prime mover selection, contact equipment suppliers for assistance 
with selecting the most appropriately sized prime mover. 

3.3 References 
ONSITE SYCOM Energy Corporation.  1999.  Review of Combined Heat and Power Technologies. ONSITE 

SYCOM Energy Corporation. 

Resource Dynamics Corporation.  2001.  Assessment of Distributed Generation Technology Applications.  Resource 
Dynamics Corporation. 

USEPA (United States Environmental Protection Agency) Combined Heat and Power Partnership.  2007.  
Opportunities for and Benefits of Combined Heat and Power at Wastewater Treatment Facilities.  U.S. Environmental 
Protection Agency, Washington, DC.  http://www.epa.gov/chp/documents/wwtf_opportunities.pdf 

USEPA (United States Environmental Protection Agency) Combined Heat and Power Partnership.  2008.  
Catalog of CHP Technologies.  U.S. Environmental Protection Agency, Washington, DC. 
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E P A  –  C O M B I N E D  H E A T  A N D  P O W E R  T E C H N O L O G Y  
E V A L U A T I O N  

4 .  O T H E R  C O N S I D E R A T I O N S  

4.1 Gas Treatment and Appurtenances 
For optimum performance, digester-gas-fueled combined heat and power (CHP) systems generally require 
fuel pretreatment.  The most significant impurities common to digester gas are hydrogen sulfide (H2S) and 
siloxanes.  In addition, moisture removal should be included in most digester gas treatment systems.  This 
chapter discusses proven and emerging technologies for treating digester gas for use in a CHP system. 

4.1.1 Hydrogen Sulfide 

Sulfur, in particulate form or as sulfide or sulfate, is a common wastewater constituent.  The three most 
common sulfur species in digester gas are H2S, COS (carbonyl sulfide), and CS2 (carbon disulfide).  Typically 
the H2S species accounts for more than 98 percent of the sulfur found in digester gas.  H2S is a corrosive, 
combustible, and malodorous compound that forms in wastewater and sewage sludge under anaerobic 
conditions.  A common method of limiting H2S concentrations is the addition of iron salts, typically ferric 
and ferrous chloride, into wastewater collection systems, at treatment plant headworks or the feed to 
anaerobic digesters.  Because of the high cost of chemicals and constant evolution of H2S within anaerobic 
digesters, it is usually necessary to treat digester gas and further reduce H2S levels prior to combustion. 

H2S in raw, wet digester gas can be very corrosive.  In particular, H2S reacts with water to form sulfuric acid 
(H2SO4), which is extremely corrosive to CHP machinery.  High H2S concentrations in digester gas can turn 
engine and compressor oil acidic, resulting in more frequent oil changes and increased maintenance.  Unless 
removed from digester gas fuel, H2S can lead to CHP equipment corrosion, increased maintenance and 
associated maintenance costs, and a shorter lifespan of the CHP equipment. 

The presence of H2S in digester gas adversely affects the quality of combustion emissions.  The combustion 
of H2S, as well as COS and CS2, produces sulfur dioxide (SO2), which is the most common form of SOx 
(oxides of sulfur).  Therefore, the removal of various sulfur species from the digester gas causes a reduction 
in SOx emissions to the same degree as was removed from the gas.  This is an important air permitting 
consideration because air permits often limit SOx. 

Iron sponge treatment is one common method for removing H2S from digester gas at publicly owned 
treatment works (POTW).  In this process the saturated digester gas flows through process vessels containing 
wood chips impregnated with hydrated ferric oxide (Fe2O3 · H2O).  The H2S reacts with the ferric oxide to 
form iron sulfide (Fe2S3) according to the following equation: 

Fe2O3 · H2O + 3H2S              Fe2S3 + 4H2O 

This process requires the digester gas to be saturated with water vapor and is therefore typically the first step 
in the fuel treatment process, before moisture is removed.  Certain iron sponge systems are capable of media 
regeneration.  The addition of oxygen and water to the iron sulfide, in the absence of digester gas, produces 
hydrated ferric oxide and elemental sulfur, and thus partially regenerates the iron sponge media.  Eventually 
the iron sponge media will become exhausted and regeneration is no longer an option.  Once exhausted, the 
nonhazardous, iron sulfide-laden, wood chips can be safely disposed of at most municipal landfills.   
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Media removal and replacement is maintenance intensive.  Also, iron sponge media has been known to 
smolder when exposed to oxygen or even spontaneously combust.  Therefore, the operation of an iron 
sponge system requires careful process control. 

Other H2S removal alternatives feature proprietary iron oxide sorbents.  These systems include 
SULFATREAT®, Sulfur-Rite®, and SULFA-BIND®, all of which feature an inorganic substrate to which 
the proprietary sorbent adheres.  Like iron sponge, these alternative media can typically be regenerated and 
once exhausted can be safely disposed of at most landfills.  Also like iron sponge, these alternative media 
often perform best with water-saturated digester gas. 

 

 
Figure 4-1.  Hydrogen Sulfide Removal Vessels at the Central Weber SID, Ogden, Utah 

4.1.2 Moisture 

Digester gas is fully saturated with water as it is produced within anaerobic digesters.  Fully water saturated 
means that liquid water will condense out of the digester gas with each and every reduction in gas 
temperature, regardless of how slight the temperature drops may be. 

Microturbines and fuel cells are sensitive to moisture-laden fuel.  It is important that digester gas used to fuel 
these prime movers be virtually moisture free.  Also, certain digester gas treatment processes and some types 
of digester gas treatment equipment function best when the digester gas is dry.  Some moisture can be easily 
removed from digester gas by cooling the gas below its dew point and condensing the water out of the gas.  
Mechanical gas dryers or heat exchangers coupled with water chillers are commonly used for this purpose.  
Desiccant driers and coalescing filters can also be used for moisture removal.  Desiccant dryers can produce 
exceptionally dry gas but must be regenerated, while coalescing filters can only remove liquid water droplets 
and cannot reduce water vapor content.   
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4.1.3 Siloxanes 

In recent years, siloxanes have become a growing challenge for digester-gas-fueled CHP systems.  Siloxanes 
are silicon-based, man-made, volatile compounds that make their way into domestic wastewater via personal 
care products such as soaps, shampoos, sunscreen, lotions and deodorant.  Siloxanes are also prevalent in dry 
cleaning agents, paper coatings, and textiles, all of which may reach POTWs as a result of industrial 
discharges.  The word “siloxane” is an apparently derived from the following: silicon, oxygen, and alkane.  In 
actuality, siloxanes are large organic molecules consisting of a silicon atom, to which an oxygen atom and two 
hydrocarbon groups are attached.  The following figure shows two siloxane species commonly found in 
digester gas. 

 

 
Figure 4-2.  Left: Decamethylcyclopentasiloxane (D5).  Right: Octamethylcyclopentasiloxane (D4). 

 

During the wastewater treatment process siloxanes become entrained in sewage sludge and are subsequently 
volatilized into digester gas during the digestion process.  Siloxanes are gases that are released from solution 
in proportion to their vapor pressure and thus in direct proportion to the sludge temperature.  This is the 
reason why digester gas produced under thermophilic conditions has higher levels of siloxanes than digester 
gas produced by mesophilic digesters.  While siloxane concentrations are generally very low, typically only a 
few parts per million or less, their presence in digester gas can have negative effects on combustion 
equipment and CHP system components.  If not removed from digester gas to appropriate levels, siloxanes 
may manifest themselves as hard, abrasive deposits on combustion components.  Siloxane deposits have been 
known to clog engine heads and fuel injectors, foul exhaust intake valves, and coat combustors, turbine 
blades, turbochargers, recuperators and boiler tubes.  Although fuel cells do not combust fuel, it is important 
that siloxanes be removed from digester gas prior to the fuel cell’s fuel conversion process. 
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Figure 4-3.  SiO2 Deposits on Cylinder Head Caused by the Combustion of Siloxane-Laden Fuel  

 

One of the more common approaches to siloxane removal at POTWs is adsorption with an activated carbon 
media.  With this approach digester gas flows through vessels containing the activated carbon media, which 
adsorbs siloxanes and other large molecular contaminants.  Upstream removal of H2S and water is important 
to achieving optimal siloxane removal.  If not removed, H2S and water can limit the effectiveness of the 
activated carbon.  In contrast to iron sponge, activated carbon performs best with drier digester gas.  
Therefore, activated carbon vessels should be placed downstream of moisture removal equipment.  Digester 
gas temperature also influences activated carbon performance.  Because activated carbon performs best with 
cool digester gas, this is further reason to locate siloxane removal vessels downstream of moisture removal 
equipment, which often chills the digester gas.  However, after moisture removal the digester gas should be 
moderately reheated to ensure an acceptable relative humidity and temperature for optimal adsorption.  Once 
exhausted, the nonhazardous activated carbon media can be safely disposed of at most municipal landfills. 

Silica gels are an alternative to activated carbon that are rapidly gaining acceptance for siloxane removal.  
Silica gels are reportedly capable of achieving siloxane removal at rates of up to 3 times greater than activated 
carbon systems. 

In recent years, several siloxane removal systems with on site media regeneration capabilities have been 
marketed.  Some of these systems employ activated carbon for siloxane removal while others use a 
proprietary blend of silica gel-based media.  Most media regeneration systems are based on a temperature 
swing adsorption (TSA) process.  TSA systems adsorb siloxanes at low temperatures and desorb the captured 
siloxanes at high temperatures.  Captured siloxanes are stripped from the media by passing small amounts of 
purified digester gas or air over the siloxane-laden media.  Recovered siloxanes are eliminated by combusting 
the recovery air/gas in a dedicated flare.  These proprietary systems are continually evolving and improving 
and seem to have potential as a viable alternative to traditional activated carbon. 
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In the case of adsorbing media based systems, siloxane breakthrough can be detected by frequent digester gas 
sampling and laboratory analysis.  The drawback to this approach is that it can be expensive relative to other 
methods.  In the case of internal combustion engines, siloxane breakthrough can be detected by regular lube 
oil sampling and analysis.  The drawback of this approach is that siloxane breakthrough cannot be definitively 
determined until after the contaminated fuel has passed through the prime mover.  Many POTWs change out 
adsorbing media by predicting siloxane breakthrough based on past operating experience.  In these cases, 
adsorbing media is usually changed out at regularly scheduled time intervals or after a certain volume of 
digester gas has been treated.  Often siloxane removal media change outs occur during regularly scheduled 
maintenance on the prime mover to minimize the downtime of the overall CHP system. 

 

 
Figure 4-4.  Activated Carbon Siloxane Removal Vessels at the Central Valley WRF, Salt Lake City, Utah 

 

Pressure swing adsorption (PSA) systems are similar in concept to TSA systems.  In the case of PSA systems 
siloxanes are adsorbed at high pressures and desorbed at low pressures.  Limitations of the regeneration 
process are that up to 10 percent of the digester gas methane can be lost in the process and it requires 
significantly higher operating pressures.  With the proper media and pressures, PSA systems can be 
configured to selectively capture and remove other digester gas contaminants such as CO2 and H2S. 

Other less frequently used options for siloxane removal from digester gas include refrigeration and deep 
refrigeration.  Refrigeration systems are characterized by chilling the digester gas down to about 40 degrees 
Fahrenheit.  This process is thought to dissolve siloxanes into the condensate stream, as opposed to the 
siloxane compounds condensing out of the gas.  In contrast, deep refrigeration, or near cryogenic 
refrigeration, processes cool the digester gas to sub freezing temperatures.  Alternating the flow of digester 
gas between refrigerant and gas heat exchangers prevents the system from freezing.  Siloxane removal occurs 
as a consequence of the condensed water.  Reheating of the purified and cold digester gas is required prior to 
combustion.  Reheating the cold digester can usually be accomplished as a consequence of compressing the 
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gas, which is often necessary to compensate for pressure losses in downstream treatment systems and to meet 
fuel pressure requirements at the prime mover. 

4.1.4 Particulates 

It is possible that dust and small particles, caused by attrition of activated carbon media used for upstream 
removal of siloxanes, can carry over into the treated digester gas.  These particles should be removed to 
improve the performance of downstream equipment, including combustion components.  To achieve this, 
particulate filters are often installed downstream of activated carbon treatment systems and immediately 
upstream of prime movers. 

4.1.5 Fuel Pressurization 

While not a treatment process, per se, CHP systems do require fuel to be pressurized to various levels.  The 
CHP technologies presented in this document require pressurized fuel within the following ranges: 

 Lean Burn Internal Combustion Engines:  2 to 80 psig 
 Combustion Gas Turbines:   100 to 400 psig 
 Microturbines:    75 to 100 psig 
 Fuel Cells:     20 to 30 psig 
 Boiler/Steam Turbine:   3 to 15 psig 

Placement of digester gas pressurization equipment within the overall fuel treatment process is an important 
consideration.  To reduce corrosion, gas compressors should therefore be located downstream of the H2S 
and moisture removal processes to ensure that the compressors handle only dry, acid-free gas.  Placement of 
gas compressors downstream of the moisture removal process can be advantageous because heat added to 
the fuel through compression may aid in preventing condensation within the remaining fuel treatment 
processes and reduce the relative humidity of the gas.  Pressure losses caused by digester gas treatment 
processes, equipment, and piping is another important consideration when locating pressurization equipment 
and should be minimized wherever possible. 

Fuel pressurization equipment typically fall into one of the three following categories based on the discharge 
pressure: 

 Fan:   Up to about 2 psig 
 Blower:  Up to 15 psig 
 Compressor:  15 to 5,000 psig 

Several types of compressors are available for pressurizing digester gas, including reciprocating, centrifugal, 
sliding or rotary vane, liquid ring, and rotary screw. 
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Figure 4-5.  Hermetically Sealed Centrifugal Digester Gas Blower at the North Davis SD, Syracuse, Utah 

 

The energy costs for fuel pressurization can be significant and require careful consideration when selecting a 
CHP system.  For example, low pressure centrifugal gas blowers offer several advantages in addition to lower 
operating costs.  One advantage with using low pressure centrifugal blowers is that they do not require oil.  
The benefit of zero oil consumption is twofold.  First, the blower exhaust contains fewer volatile organic 
compound (VOC) species.  Second, lower VOC concentrations mean that downstream activated carbon 
should last longer.  Low pressure centrifugal blowers have no metal to metal contact which results in less 
wear on blower components and less frequent replacement of parts.  Low pressure centrifugal blowers 
generally require little maintenance and therefore usually have higher availability than most other types of fuel 
pressurization equipment. 
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Figure 4-6.  Common Approach to Digester Gas Treatment for Use as CHP Fuel 

4.2 Infrastructure Requirements 
CHP systems often have unique infrastructure requirements.  An element common to most successful CHP 
systems is careful pre-planning with considerable attention given to supporting infrastructure, including 
compliance with various building codes.  Infrastructure designs should provide for ample space to access and 
maintain system equipment.  Proper ventilation, for process combustion air and system cooling, is required 
for most CHP systems, particularly those supported by internal combustion engines and combustion gas 
turbines.  Without proper ventilation and cooling, internal combustion engine performance may be 
diminished. 

Combustion gas turbine and steam turbine-based CHP systems are usually located indoors and require 
significant building space.  Despite indoor installation, combustion gas turbines are housed in ventilated 
enclosures for sound attenuation.  Internal combustion engines are generally located indoors and require 
much of the same housing infrastructure as combustion gas turbine and steam turbine systems.  As an 
alternative, however, internal combustion engines can also be located outdoors and housed in modular units.  
An advantage of the modularized units is easy outdoor installation without much of the special infrastructure 
(lighting, equipment access, and building heating/ventilation/cooling) required for indoor installation.  Fuel 
cells and microturbines are regularly located outdoors and do not require any of the special infrastructure 
regularly needed for larger prime movers. 

For safety reasons digester gas treatment equipment is usually located outdoors.  When located indoors 
national and local code requirements for fire and explosion safety should be reviewed and incorporated into 
the design.  Of particular importance is NFPA 820: Standard for Fire Protection in Wastewater Treatment 
and Collection Facilities.  Also, locating these units indoors would add significantly to the installed cost of the 
system.  Items such as iron sponge and activated carbon vessels require roadway access for charging and 
removing media.  Vactor trucks are ideal for media removal from some manufacturer’s treatment vessels.  
Conversely, forklifts and small cranes are best suited for lifting super sacks for discharging media into the 
open tops of treatment vessels. 
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4.3 Electrical Considerations 
Most CHP applications located at POTWs are forms of distributed generation that operate in parallel with 
the electric utility.  Electric power generation systems are generally one of four types: 

1. Alternating current synchronous generators 
2. Alternating current induction generators 
3. Direct current generators 
4. Direct current devices with an inverter to produce alternating current 

In power generation, an electrical generator is an energy conversion device or machine that transforms 
rotational mechanical energy to electrical energy generally using electromagnetic force.  Most generators 
produce alternating current (AC) and are either synchronous or induction type generators.  The following 
paragraphs describe some of the characteristics of AC generators. 

 Synchronous generators:  Synchronous AC generators are the most common type of electricity-producing 
machines.  Synchronous AC generators independently control speed and voltage and must therefore be 
carefully synchronized with each other and the utility grid when operated in parallel.  Synchronous AC 
generators are extensively used for power production and are available in unit sizes from less than 1 kW to 
over 500,000 kW. 

 Induction generators:  Induction AC generators are common in sizes smaller than about 200 kW.  Unlike 
synchronous generators, induction generators require external excitation, usually from the electric utility 
grid to which they are connected, and thus they are not suitable for grid-isolated, stand-alone duty, or for 
standby power duty.  Induction generators are similar to induction motors and are available in similar 
sizes.   

Table 4-1 summarizes some of the differences between induction and synchronous generators. 

 
Table 4-1.  Comparison of Induction and Synchronous Generators 

Item or Issue Induction Generator Synchronous Generator 
Initial capital cost Slightly less, if smaller than about 500 kW Slightly less, if larger than about 500 kW 
Electrical generation efficiency Up to about 97% Up to about 98% 

Operation in stand alone or island mode Must operate in parallel with the electric utility 
Can operate in parallel with the utility or can 
stand alone.  Can operate as a standby 
generator 

Excitation Provided by the electric utility grid Requires its own excitation 
Power factor (PF) Decreases PF Can improve PF, if operated appropriately 
Overall complexity Simplest Slightly more complex 
Possibility of energizing electrical utility’s 
incoming dead lines 

Normally not an issues since induction 
machines require utility power  excitation 

Requires interconnection protection from 
energizing dead utility source lines 

The prime mover’s starting system Can act as a conventional motor to start the 
prime mover 

Prime mover is typically started by a 
compressed air motor or by a battery-powered 
electric starter motor 

Electric utility interconnection Simplified Required and is more complex 

Operational cost savings Typically lower due to less efficient operation 
and PF penalty 

Typically higher due to more efficient operation 
and lack of PF penalty 
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Some of the characteristics of direct current (DC) generators and devices are as follows: 
 Direct current generators: DC generators are rotating electromagnetic devices that produce DC electricity 

from mechanical energy.  DC generators are typically smaller capacity machines, less than 5 kW. DC 
generators are rarely used in CHP applications.   

 Direct current devices with inverters:  Electricity produced from fuel cells is typically in the form of low-
voltage DC.  Once separated from the fuel, molecular hydrogen passes over the fuel cell’s anode while 
oxygen, extracted from the air, passes over the cathode.  Thus, DC electricity flows from the cathode to 
the anode as the fuel is consumed.  In virtually all applications this low voltage DC must be converted to 
AC and stepped up or transformed to a higher voltage in order to be suitable for use in most industrial 
electrical devices.  
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5 .  O T H E R  D I G E S T E R  G A S  U S E S  

5.1 Other Non-CHP Uses for Digester Gas 
Although combined heat and power (CHP) systems are becoming commonplace, flaring and boiler operation 
continue to be the most common methods for digester gas management/use, particularly for publicly owned 
treatment works (POTW) with wastewater flows less than about 10 million gallons per day (mgd).  All 
POTWs that operate an anaerobic digestion process are equipped with flares for the safe destruction of 
unused digester gas.  This is true even for POTWs that beneficially use the digester gas in some fashion, as it 
is necessary to safely dispose of the digester gas in the event that the beneficial use system is out of service or 
excess digester gas is produced.  Flares safely dispose of digester gas by combusting the methane and emitting 
the products of combustion to the atmosphere in a safe location away from the anaerobic digesters.  Aside 
from the elimination of the digester gas and largely oxidizing methane to its lowest global warming potential 
as carbon dioxide, there is no additional benefit associated with the operation of a flaring system.  In fact, 
some flares are inefficient combustors that allow a portion of the methane to escape to the atmosphere.  
Additionally, many flares require a constant supply of pilot fuel, which adds to operating costs and emissions. 

Although a properly designed CHP system can provide all the heat necessary to sustain the anaerobic 
digestion process, utilizing CHP does not eliminate the need for a boiler.  A backup boiler should be 
integrated into the CHP system to maintain heat requirements during routine maintenance or unexpected 
outages of the prime mover. 

Some non-CHP approaches to utilizing digester gas are presented in the sections below.  Each alternative 
digester use requires some other means to meet the heat demands of the anaerobic digestion process. 

5.1.1 Digester Gas Purification to Pipeline Quality 

If properly treated and pressurized, digester gas can be marketed and sold to the local natural gas utility.  
Depending on the amount of digester gas produced and the location of the POTW, it may be possible to 
inject the pressurized and purified methane (CH4) from the digester gas into a natural gas pipeline.  This 
option requires treating the digester gas to such an extent that the product is essentially pure methane.  
Purified digester gas, suitable for injection into a natural gas pipeline, is typically at least 95 percent CH4 and 
less than 3 percent carbon dioxide (CO2).  To achieve pipeline quality gas hydrogen sulfide (H2S) must also be 
removed from the digester gas.  Water and H2S levels should not exceed 7 pounds per million cubic feet and 
2.7 ppm, respectively in the purified methane.  Prior to pipeline injection, the purified digester gas must be 
compressed to several hundred pounds per square inch (psi) to match the pipeline pressure. 

 
Table 5-1.  King County, Washington – Digester Gas Purification To Pipeline Quality 

• CO2, H2S, and other water soluble contaminants are stripped from digester gas in vertical towers at high pressure by absorption into 
plant effluent 

• High pressure, purified methane is sold to the local natural gas utility 
• Onsite thermal needs are met by heat extracted from plant effluent by heat pumps 
• 2.4 million ft3/day capacity 
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There are several commercially available treatment methods for achieving purified methane fuel from digester 
gas.  They include: 

 Temperature swing adsorption (TSA) 
 Pressure swing adsorption (PSA) 
 Membrane separation 
 Amine treatment 
 Seloxol treatment 
 Cryogenic refrigeration 

Table 5-2 summarizes some of the advantages and disadvantages associated with treating digester gas to 
pipeline quality and selling it to a natural gas utility. 

 
Table 5-2.  Digester Gas Purification to Pipeline Quality 

Advantages Disadvantages 
• Usually less expensive than most CHP options. 
• Low yearly maintenance costs due to limited equipment. 
• Offers a direct offset of otherwise required fossil-fuel use.  

Every Btu of methane produced requires one less Btu of 
natural gas. 

• Renewable fuel credits can be marketed per the Energy Policy 
Act of 2005. 

• Removed CO2 can be of economic value to some industrial 
users. 

• Not economically viable when the cost of natural gas is low. 
• Up to about 12 percent of the digester gas methane is lost depending on 

the purification process selected. 
• Energy cost savings are significantly reduced due to the energy required 

to compress the gas, often to several hundred pounds per square inch 
(psi). 

• May require additional digester gas sampling and testing. 
• Contract payments depend on digester gas flow meters that are often 

unreliable. 

 

5.1.2 Direct Digester Gas Sale to Industrial User or Electric Power 
Producer 

Often the simplest use of digester gas is to treat, deliver and sell the digester gas to a nearby industrial user 
where it can be converted to electrical and thermal energy in an offsite industrial application.  To do this a 
user must be found and a purchase agreement developed.  The digester gas could be treated at the POTW or 
it could be treated by the end-user at delivery.  At a minimum, water must be removed from the digester gas 
at the POTW to protect the pipeline and gas compressors.  If treated by the POTW, this option usually 
requires less digester gas treatment than would be required by the purified methane option.  However, the 
quality of the product fuel may necessitate modifications to the end user’s facilities to accommodate the 
medium Btu digester gas. 

 
Table 5-3.  Sacramento Regional Wastewater Control Facility – Digester Gas Sale to Industrial User 

• Treated digester gas is supplied to and supplements an offsite, natural gas-fueled 80 MW combustion gas turbine CHP facility 
• Steam produced by the CHP facility is returned to the Sacramento RWCF to meet all of the plant’s process and heating needs, and 

provides standby electrical power 
• 4,800 ft3/day digester gas capacity 
• Sacramento RWCF revenue from the adjacent CHP facility is about $600,000/year 

 

While technical challenges can be overcome, economic and political factors often prevent the direct sale of 
digester gas.  For example, a significant challenge in selling digester gas to a third party is securing a long-term 
purchase agreement, as many potential industrial users are reluctant to enter into long-term agreements.  
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Another challenge to selling treated digester gas is that the needs of an industrial user may vary between 
summer and winter months or even from week to week.  Despite these limitations, the sale of digester gas to 
industrial users may be an attractive option in areas where the cost of natural gas is high and the cost of 
electricity is relatively low.  Some contracts include return of process heat to the POTW for digester heating 
demands. 

 
Table 5-4.  Des Moines Water Reclamation Authority – Digester Gas Sale to Industrial User 

• Surplus digester gas is treated and pressurized on site and sold to a nearby industrial user for direct use as boiler fuel 
• 1.7 million ft3/day digester gas capacity 
• $80,000 per month savings 

 

Table 5-5 presents some of the advantages and disadvantages associated with selling digester gas to a third 
party. 

 
Table 5-5.  Direct Digester Gas Sale to Industrial User 

Advantages Disadvantages 

• Usually the least expensive of all digester gas use options. 
• Requires the least amount of onsite mechanical equipment of 

all digester gas use options. 
• Requires the least amount of fuel pressurization and thus has 

lower electric costs than other digester gas utilization options. 
• Offers a direct offset of otherwise required fossil-fuel use.  

Every Btu of methane produced requires one less Btu of 
natural gas. 

• Renewable fuel credits can be marketed per the Energy Policy 
Act of 2005. 

• Requires a long term purchase agreement. 
• Requires continuous gas use by the purchasing industry. 
• Can have significant safety concerns. 
• May require additional digester gas sampling and testing. 
• Contract payments depend on digester gas flow meters that are often 

unreliable. 
• Often requires a modified burner on the end user’s prime mover. 
• Requires large quantities of digester gas in order to be economically 

viable. 
• Often requires large diameter conveyance pipe to accommodate the 

low pressure digester gas. 
• Requires, at a minimum, water and H2S removal from the digester gas 

and often requires siloxane removal. 

 

5.1.3 Digester Gas to Vehicle Fuel 

Another option for the beneficial use of digester gas is for the POTW to treat and compress digester gas 
onsite to produce methane of a quality suitable for use as fleet vehicle fuel.  The purified and compressed 
methane could be attractive to municipalities that already have natural-gas-fired bus or industrial vehicle 
fleets.  The primary disadvantages with converting digester gas to vehicle fuel are the costs associated with 
converting fleet vehicles for operation with purified methane, installing fueling stations, and installing digester 
gas purification and compression equipment.  Based on the authors’ past experience, the cost of converting 
heavy duty vehicles, such as trucks and buses, from traditional fuel to purified, compressed methane fuel is 
about $40,000 to $55,000 per vehicle.  Smaller fleet vehicles can be converted to operate with purified, 
compressed methane for significantly less cost than the larger vehicles.  In some cases, conversion of digester 
gas to vehicle fuel is not practical due to the difficulty in identifying sufficient local fleet users to use all of the 
produced digester gas and making the necessary arrangements for fuel delivery. 
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Table 5-6.  Persigo Wastewater Treatment Plant – Digester Gas to Vehicle Fuel  

• The City of Grand Junction, Colorado has been looking for ways to convert fleet vehicles to natural gas fuel since 2006 
• Persigo WWTP was flaring excess digester gas at a rate of about 100,000 ft3/day 
• Excess digester gas is now being converted to compressed natural gas (CNG) 
• CNG will be used to fuel fleet city vehicles and buses 
• Ground breaking for fueling station was scheduled for September 2010 
• Fueling station will include a fast-fill component for public use 
• Project was partially funded by more the $1 million of grant money 
• Project is believed to be the first in the United States to convert digester gas to fuel government vehicles 

 

Table 5-7 summarizes some of the advantages and disadvantages common to digester gas use as vehicle fuel. 

 
Table 5-7.  Direct Digester to Fuel Fleet Vehicles 

Advantages Disadvantages 

• Offers a direct offset of otherwise required fossil-fuel use.  
Every Btu of methane produced requires one less Btu of 
natural gas. 

• Requires a nearby fleet vehicle operation, preferably a natural-gas-
fueled fleet. 

• Requires modification of fleet vehicles fuel systems. 
• Requires extremely clean gas to protect high pressure gas 

compressors and vehicle engines. 
• Requires special infrastructure for fueling vehicles and/or 

accommodating increased traffic to the POTW for fleet fueling. 
• Requires frequent fueling stops because of the lower fuel energy 

content and vehicle operating range. 
• Requires a long term commitment to the converted fleet vehicles. 
• Requires significant high pressure onsite fuel storage. 

 

One important factor to consider when evaluating non-CHP uses for digester gas is that purified digester gas 
is about 6 percent less energetic than natural gas.  The reason for this is that all of the energy from purified 
digester gas comes from CH4.  In addition to CH4, Natural gas includes some heavy, combustible 
hydrocarbons and therefore has a greater heating value than purified digester gas.  The higher heating value 
(HHV) of purified digester gas may be as high as 990 Btu/ft3, whereas the HHV of natural gas may be as high 
as 1050 Btu/ft3. 
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6.1 Background to Case Studies 
In a separate effort from the production of this combined heat and power (CHP) guidance document and 
under the direction of the Water Environment Research Foundation (WERF), the authors participated in a 
project (WERF U2R08) to evaluate methane generation and use at publically owned treatment works 
(POTW).  As part of that project the authors developed a spreadsheet calculator, known as the Combined 
Heat and Power System Evaluation Tool (CHP-SET) to provide a simple means of evaluating and 
summarizing basic performance characteristics of CHP prime movers.  Based upon user inputs and parasitic 
loads attributable to ancillary equipment, the CHP-SET calculates prime mover net electrical and thermal 
efficiencies.  Another important function of the CHP-SET is converting prime mover methane (CH4), carbon 
monoxide (CO), nitrous oxide (N2O), and oxides of nitrogen (NOx) emissions to units of mass per fuel input 
and mass per electric power production so that a more useful comparison of emissions across prime mover 
technologies can be made.  Finally, the CHP-SET calculates a facility’s carbon footprint reduction attributable 
to each prime mover.  The prime mover’s carbon footprint is determined by calculating the CO2 equivalent 
of CH4 and N2O emissions as well as the equivalent CO2 offset due to the prime mover’s generation of 
“green” power.  The CHP-SET is available as a free download from the WERF website.  

As part of the WERF study, the CHP-SET was used to develop several case studies of CHP systems 
operating at POTWs and to evaluate basic performance characteristics of each of the POTW’s prime movers.  
Given the relevance of the WERF study to this CHP document, the findings of several digester gas-fueled 
CHP system case studies are included in this document with WERF permission.  A case study was developed 
for each of the primary digester gas-fueled prime mover technologies discussed in this document, including 
internal combustion engines, combustion gas turbines, microturbines, and fuel cells.  The case studies are 
summarized below. 

The Los Angeles County Sanitation District (LACSD), which operates several digester gas-fueled CHP plants 
granted the authors complete access to their facilities to develop the case studies.  The LACSD facilities that 
were visited include three POTWs operating a combustion gas turbine-based CHP plant, a microturbine 
demonstration project, and a fuel cell demonstration project.  The CHP-SET was used in the development of 
the case studies for LACSD’s combustion gas turbine and microturbine CHP systems. 

The authors also visited other POTWs located in Southern California that operate CHP systems fueled by 
anaerobic digester gas.  Case studies developed at non-LACSD facilities included an internal combustion 
engine CHP plant and two additional fuel cell CHP plants.  The two successfully operating fuel cell facilities 
are operated by a private enterprise.  Unfortunately, the private operator declined to provide any operational 
data for either installation.  Therefore, the CHP-SET could not be used to evaluate any of these fuel cell 
installations.  Given the similarities between the two fuel cell installations and the lack of operational data, 
only one of the facilities is presented in this document. 

Because there were no other microturbine facilities at POTWs in the area that the authors could conveniently 
visit, the LACSD microturbine demonstration project is included for discussion in this document with the 
caveat that it may not be representative of other digester gas-fueled microturbines currently operating in the 
United States.  Based on limited operational data and several assumptions, the CHP-SET was used to evaluate 
the microturbine installation. Populated versions of the CHP-SET used to evaluate the following CHP 
facilities can be found in the appendix and are intended to provide the reader with a summary of key CHP 
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operating data for various types of prime movers.  In most cases, sufficient data were not available to fully 
populate the CHP-SET.  Where appropriate, assumptions were made and noted in order to provide a basic 
evaluation of the CHP system prime mover.  With the exception of the fuel cell case study, each of the 
following case studies is followed by a tabular summary of key operational data, as calculated by the CHP-
SET.   

Based on site visits and survey results, it is the opinion of the authors that microturbines and fuel cells are 
best characterized as “emerging” technologies in the digester gas-fueled CHP market and are currently not as 
mature and proven as internal combustion engines and combustion gas turbines.  However, the authors also 
believe that these technologies have the potential to become viable CHP options in the near future.  As their 
respective technologies advance, fuel cell and microturbine manufacturers will likely overcome the current 
challenges inherent with the use of fuels, such as anaerobic digester gas, that are laden with impurities. 

Site visits were conducted during May 2009.  A report of each follows in chronological order. 
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6.2 Joint Water Pollution Control Plant 
Carson, California  

The Joint Water Pollution Control Plant (JWPCP) is a wastewater treatment facility, owned and operated by 
the Los Angeles County Sanitation District (LACSD).  The JWPCP currently treats average daily flows of 
about 300 million gallons per day (mgd) with both primary and secondary treatment.  Sewage sludge is 
anaerobically digested in 24 digesters, each with a volume of approximately 3.75 million gallons.  Anaerobic 
digester gas is used to fuel the facility’s combined cycle power plant, which was completed in 1985 at a total 
project cost of $45 million. 
 

 
Figure 6-1.  Solar Turbines Mars90 Combustion Gas Turbine at the JWPCP 

 

The combined cycle power plant consists of three Solar Turbines Mars90 combustion turbines and one Moog 
steam turbine, equipped with an Ideal generator.  Two combustion turbines operate continuously with one 
unit in standby.  Since their installation, the turbines have regularly achieved uptime rates in excess of 97 
percent. 

In April 2008 the steam turbine-driven generator failed.  Since the time of the generator failure the facility has 
continued to operate the combustion turbines as simple cycle.  Efforts are underway to upgrade the steam 
turbine/generator system and once again operate the power plant as a combined cycle. 



Chapter 6 Evaluation of Combined Heat and Power Technologies for Wastewater Treatment Facilities 
 

 
6-4 

6.2.1 Digester Gas Treatment 

The JWPCP’s anaerobic digesters are operated at mesophilic temperatures and produce about 7.5 million 
cubic feet per day of digester gas.  Prior to combustion, the digester gas receives minimal treatment, primarily 
to dry the gas.  The first step in the digester gas treatment process is particulate removal by venturi scrubbers. 

Coalescing filters and cooling coils, located immediately downstream of the venturi scrubbers, dry and chill 
the digester gas to remove moisture upstream of the combustion turbines. 

Following treatment the digester gas enters a low pressure (5 – 7 inches WC) blending tank where a small 
amount of natural gas mixes with the treated digester gas.  Natural gas is added as a fuel pressure control 
measure to ensure that the combustion turbines receive a constant supply of fuel.  Digester gas production at 
the JWPCP is somewhat variable and generally increases throughout the week.  Early in the week, about 7 – 
10 percent of the total fuel volume is comprised of natural gas.  Over the course of a typical week the natural 
gas supply tapers off as the digester gas production increases.  By the end of the week, when digester gas 
production has stabilized, the natural gas supply is shut off.  Likewise, as digester gas production tapers off 
early in the week, natural gas is again added to the system and the cycle repeats itself. 
 

 
Figure 6-2.  Venturi Scrubber at the JWPCP 
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Figure 6-3.  Coalescing Filter and Cooling Coils at the JWPCP 

 

Three 3-stage Ingersoll Rand compressors then compress the blend of digester gas and natural gas fuel to 
about 350 psig.  Intercoolers, surge-tanks, and separators located between compressor stages maintain the 
compressed gas at 100 to 120 degrees Fahrenheit, thus eliminating the potential for condensation. 
 

 
Figure 6-4.  Ingersoll Rand Fuel Compressors at the JWPCP 
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Prior to combustion in the turbines the blended gas is chilled by refrigeration-cycle chillers down to about 42 
degrees Fahrenheit.  This process is designed to remove additional moisture from the digester gas.  An added 
benefit of this process is the removal of siloxanes from the digester gas via condensation.  Downstream of 
the high-pressure chiller, and prior to introduction of the digester gas to the combustion turbines, the gas is 
reheated by a closed-cycle water heat exchanger to 80 degrees Fahrenheit. 
 

 
Figure 6-5.  Digester Gas Chilling System at the JWPCP 

 

To control the formation of hydrogen sulfide (H2S), the treatment plant adds iron salts, primarily ferric 
chloride, to the liquid stream.  This ferric dosing limits the concentration of H2S in the digester gas to 25 to 
35 ppm.  The digester gas does not receive any treatment for further H2S removal. 

Plant staff estimate that about 50 percent of all siloxanes in the digester gas is removed via condensation.  No 
other actions are taken to further reduce siloxanes.  Evidence of siloxanes in the digester gas was observed as 
billowy, cotton-like deposits on the outside of portions of the turbine system’s duct work as shown on Figure 
6-6. 

The combustion turbines do not appear to be adversely affected by siloxanes as they continue to operate 
without any difficulties or reduction in performance.  None of the performance and maintenance issues 
frequently encountered due to the combustion of siloxane-laden digester gas have been reported at the 
JWPCP.  This is likely due, at least in part, to the ongoing maintenance service contract with Solar Turbines 
that keeps the turbines in excellent operating condition.  Initially, and as a demonstration project, the 
combustion turbines were equipped with catalytic converters.  However, the catalytic beds became poisoned 
by impurities, possibly including siloxanes, within weeks of start-up.  The catalytic converters were 
subsequently removed and the South Coast Air Quality Management District (SCAQMD) did not impose 
requirements that would lead to their continued use, since at the time there was no known technology for the 
efficient removal of siloxanes from digester gas. 
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Figure 6-6.  Silica Deposits on Duct Work at the JWPCP 

 

The current NOx limit of 25 ppm is met by water injection into the turbine combustors.  Water injection is 
carefully controlled to maintain compliance with SCAQMD regulations.  The turbines are equipped with 
continuous emissions monitors (CEMS). 

6.2.2 Power Generation 

As part of the maintenance agreement with Solar Turbines, the combustion turbines are periodically 
overhauled and sometimes replaced with improved turbines.  As a result, each turbine is now rated for 10 
MW of electrical output.  Current operations limit each combustion turbine’s electrical output to nearly 9 
MW.  At times, the total plant electrical output approaches 18 MW, making the JWPCP nearly energy self 
sufficient.  The plant is regularly able to “break even,” which means that it often does not import electricity 
from the local electrical utility.  Onsite electric power production results in savings to the plant of over $1 
million per month. 

Prior to its failure, the steam turbine-driven generator was producing approximately 3 MW of power.  
Replacement of the old steam turbine and generator is in progress.  A new Shin-Nippon steam turbine and 
Ideal generator, rated for 8.7 MW, along with a heat recovery steam generator (HRSG), have been installed 
and will replace the old steam turbine system and once again enable combined cycle operation.  Start-up of 
the combined cycle is scheduled for some time in late 2011.  The total project cost for the new steam turbine 
system is approximately $25 million. 

6.2.3 Heat Recovery 

Each combustion turbine is equipped with a heat recovery steam generator (HRSG) capable of producing 
steam at 450 psig.  The combined cycle power plant also includes a reheat boiler which, by utilizing extraction 
steam from the steam turbine, produces low-pressure steam for digester heating.  However, since the failure 
of the steam turbine-driven generator, the HRSG units and reheat boiler have not been used.  As such, the 
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combined cycle power plant is currently not capturing any heat for digester or other process heating.  The 
original HRSG units have since been removed and new HRSG units will be installed as part of the steam 
turbine replacement project. 

Digester-gas-fueled steam boilers are currently used to heat the anaerobic digesters.  During the warm 
summer months only two boilers are needed to maintain appropriate digester temperatures.  However, winter 
operations typically require the use of three, and sometimes four, boilers.  An additional steam boiler fired on 
natural gas is also available for backup service. 
 

 
Figure 6-7.  Heat Recovery Steam Generators at the JWPCP 

 

6.2.4 Operation and Maintenance 

The combustion turbines are overhauled approximately every 35,000 hours of operation.  At the specified 
interval, plant staff remove and replace the rotating turbine section with an overhauled turbine.  The old 
turbine is then shipped back to Solar Turbines for subsequent overhaul.  This program has worked very 
successfully for the JWPCP and has kept the turbines in near constant operation since their original 
installation in 1985.  While not normal operating procedure, one turbine was once left in operation for over 
50,000 hours prior to being overhauled.  Plant staff report that the turbine continued to operate very 
successfully beyond the 35,000 hour milestone with no reduction in efficiency and no siloxane damage.  
Routine maintenance is successfully performed by JWPCP staff. 

The combustion turbines are designed for dual fuel operation.  Diesel fuel is used to “black” start the 
combustion turbines.  Under the current operating scenario a significant amount of digester gas is used to 
fuel the steam boilers.  Because of this it is necessary to blend more natural gas with the remaining digester 
gas in order to ensure that two combustion turbines are able to simultaneously operate at full output. 

Table 6-1 provides a summary of the JWPCP’s combined cycle power plant performance and is based on 
operational data for 2008 provided by LACSD.  At the time of the site visit, Turbine #1 was out of service 
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for routine maintenance and the combined, gross electrical output of Turbines #2 and #3 was just over 17 
MW.  Historical data provided by LACSD shows that availability for the CHP system has been nearly 98 
percent. 
 

Table 6-1.  JWPCP CHP Performance Summary 
Parameter Turbine #1 Turbine #2 Turbine #3 

Fuel Flow Rate, scfm 2,703 2,703 2,703 
Net Output, kW 7,810 7,547 7,712 
Net Electrical Efficiency, % 28 27 28 
Thermal Efficiency, % NA NA NA 
Operation, hr/yr 5,996 6,648 4,466 
Net CO2e Inventory Reduction, MT/yr 18,661 20,002 13,731 

 

LACSD provided the authors with 6 years’ worth of cost data related to power production and operation and 
maintenance (O&M) of the gas turbine facility as well as power consumption for the entire JWPCP.  The 
following summarizes power usage/production and costs associated with utilizing the JWPCP’s digester gas 
for CHP.  The figures presented below are averages over the 2004 – 2009 time period, for which the data 
were made available. 
 JWPCP electric power consumption per year, kWh:   179 million 
 Gas turbine facility power production per year, kWh:   171 million 
 JWPCP electric power demand offset by CHP, percent:   96 
 Gas turbine facility O&M cost per year, $:     3.8 million 
 JWPCP savings realized per year from CHP operation, $:  16 million 

Of course savings will be even greater once the new stream turbine/generator system is operational and the 
facility again operates as a true combined cycle power plant.  Also, not included in the cost savings reported 
above is the cost of natural gas that would otherwise be required for digester heating in the absence of a CHP 
system with heat recovery. 
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6.3 Point Loma Wastewater Treatment Plant 
San Diego, California 

The Point Loma Wastewater Treatment Plant (WWTP) provides chemically enhanced primary treatment for 
approximately 160 million gallons of domestic sewage per day.  As part of the overall treatment process, the 
plant operates an anaerobic digestion system, which includes eight digesters.  The anaerobic digesters produce 
approximately 3 million cubic feet of digester gas per day.   

Installed in 1999, the CHP system at the Point Loma WWTP consists of two Caterpillar 3612 internal 
combustion engines.  Each engine has an electrical generation capacity of 2,300 kW.  At full load, the engines 
operate at about 36 percent electrical efficiency and together are capable of producing up to about 4.6 MW of 
electrical power. 
 

 
Figure 6-8.  Engine/Generator at the Point Loma WWTP 

 

At full output, the engines convert about 1.8 million cubic feet per day of the produced digester gas to energy.  
Strict air regulations in the San Diego area prevent the Point Loma WWTP from installing additional 
cogeneration engines.  Plans are underway to clean, transport and use the excess digester gas offsite.  In the 
interim, current operation is to burn the excess digester gas in onsite flares. 

6.3.1 Digester Gas Treatment 

The Point Loma CHP system includes a gas treatment system that cleans the raw digester gas to serve as a 
suitable fuel for the cogeneration engines.  The treatment system consists primarily of particulate and 
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moisture removal equipment and compressors.  The digester gas treatment and handling system provides the 
engines with 50 psig fuel that is of adequate quality for combustion and conversion to useful energy. 

Normal operation of the Point Loma WWTP includes the addition of iron salts to the plant’s wastewater 
influent and the feed to the anaerobic digesters.  The addition of iron salts to the plant processes limits the 
concentration of hydrogen sulfide in the digester gas to acceptable levels prescribed by the engine 
manufacturer and the County of San Diego, Air Pollution Control District. 

 

 
Figure 6-9.  Digester Gas Compressor at the Point Loma WWTP 

 

6.3.2 Power Generation 

The engine installation and the digester gas treatment system include several items of ancillary equipment 
which impact the overall net electrical efficiency of the CHP system.  Parasitic loads observed at the Point 
Loma WWTP were evaluated on a per engine basis and include gas compressors, gas chillers, chiller pumps, 
and engine auxiliary systems.  The total parasitic load attributable to each engine was about 330 kW.  Thus the 
net power production observed at the Point Loma WWTP was nearly 4 MW.  Accounting for the observed 
parasitic loads, engine net electrical efficiency was calculated with the CHP-SET to be about 30 percent.  
Electric power generation and other Point Loma CHP performance metrics are summarized in Table 6-2, 
below. 

6.3.3 Heat Recovery 

The CHP system recovers heat from the engines for use in heating the anaerobic digesters.  Sources of engine 
heat recovery include engine exhaust, jacket water, and lube oil.  According to data provided by Point Loma 
WWTP staff, engine exhaust heat recovery silencers provide about 6.1 million Btuh per engine for digester 
heating.  Jacket water and lube oil heat recovery systems provide about 2.3 and 2.0 million Btuh per engine, 
respectively, of additional digester heat.  Total heat recovered from each engine and used to maintain digester 
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temperatures is about 10.4 million Btuh.  The digester gas fuel energy, based on historic source test data, is 
about 21.5 million Btuh per engine.  Therefore, the total heat recovered translates into a thermal efficiency of 
about 49 percent for each engine. 

Plant effluent is supplied to the engines and used as a backup cooling system to ensure that the engines do 
not overheat.  The cooling system consists of a shell-and-tube heat exchanger and a 25 HP pump that 
supplies effluent cooling water, at about 90 degrees F, to the engines.  Plant staff do not monitor the 
temperature of the effluent cooling water return, as it is a single pass system.  

6.3.4 Operation and Maintenance 

Plant staff provide routine maintenance for the engines, including regular oil and spark plug changes and 
cleaning of the pre-combustion chambers.  An outside contractor handles major maintenance issues, 
including top end overhauls which occur at 10,000- to 12,000-hour run time intervals. 

 
Table 6-2.  Point Loma WWTP CHP Performance Summary 

Parameter Engine #1 Engine #2 
Fuel Flow Rate, scfm 630 578 
Net Output, kW 1,896 1,661 
Net Electrical Efficiency, % 30 29 
Thermal Efficiency, % 49 53 
Operation, hr/yr 7,460 7,242 
Net CO2e Inventory Reduction, MT/yr NA NA 
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6.4 Lancaster Water Reclamation Plant 
Los Angeles County, California 

The Los Angeles County Sanitation District (LACSD) owns and operates the Lancaster Water Reclamation 
Plant (WRP), which treats approximately 15 million gallons of wastewater per day, a portion of which is 
beneficially reused.  The plant’s anaerobic digesters produce about 202,000 cubic feet of digester per day, 
which the plant then converts to renewable energy. 

The Lancaster WRP uses a portion of its digester gas to operate a microturbine demonstration project.  The 
demonstration project consists of one 250 kW, Ingersoll-Rand MT 250 microturbine and deep refrigeration 
digester gas treatment system.  The microturbine demonstration project has been in operation since March 
2005.  The total capital cost of the demonstration project was $720,000, which included a $314,000 grant 
from the California Public Utilities Commission. 
 

 
Figure 6-10.  Microturbine Installation at the Lancaster WRP 

 

6.4.1 Digester Gas Treatment 

The Lancaster WRP’s digester gas treatment system consists primarily of a deep refrigeration system for 
siloxane removal.  Deep refrigeration reportedly causes siloxanes to condense out of solution.   According to 
LACSD personnel, the deep refrigeration system has been challenging to operate and Ingersoll Rand 
reportedly will discontinue use of this type of digester gas treatment with its microturbines.  The addition of 
ferric chloride to the wastewater influent limits the formation of hydrogen sulfide in the digester gas.  No 
other steps are taken to remove hydrogen sulfide from the digester gas.  Compressors pressurize the digester 
gas to about 100 psig, as required by the microturbine. 
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6.4.2 Power Generation 

The microturbine reportedly consumes up to 60 percent of the produced digester gas.  In May 2009 the 
demonstration project’s net electrical output was about 180 kW.  According to LACSD staff, altitude is the 
major cause for de-rating the microturbine’s electrical output down to about 198 kW.  Additional de-rating 
observed at the time of the site visit was most likely due to warm summertime temperatures. 

LACSD personnel report that the demonstration project has not met the target goal of 90 percent capacity 
factor.  In the 5 years since startup, the turbine and recuperator have both been replaced twice.  Challenges 
related to the electrical and heat recovery systems have limited the demonstration project’s performance and 
availability. 

Nighttime electrical demand at the Lancaster WRP drops off significantly in comparison to the daytime 
demand.  Also, the nighttime electrical demand at the plant is less than what the microturbine is capable of 
producing.  As such, the microturbine continues utilizing the available digester gas and operates at near full 
output, while a load bank that is integral to the demonstration project converts the excess electricity to heat 
during times when plant electrical demand is down.  This strategy simplifies the demonstration project’s 
operation while reducing maintenance by allowing the microturbine to operate at near constant output. 

6.4.3 Heat Recovery 

The anaerobic digestion process at the Lancaster WRP normally produces more digester gas than can be 
consumed by the single microturbine.  Additionally, the microturbine periodically meets all of the plant’s heat 
needs, causing the boiler system to temporarily shut down.  Automatically restarting the boiler system has 
been problematic.  For these reasons the Lancaster WRP continuously operates the digester gas boilers for 
heating the anaerobic digesters and the microturbine’s heat recovery system has been taken out of service.  To 
summarize, the demonstration microturbine converts digester gas to electrical power and the heat is not 
currently used while boilers use the excess digester gas to heat the anaerobic digesters.  Therefore, the 
microturbine demonstration project is not currently operating as a true CHP plant.  This experience 
highlights the need for detailed plant gas, steam, and energy balances to be conducted when installing a CHP 
facility. 

6.4.4 Operation and Maintenance 

During the first 5 years of the demonstration project, actual O&M costs were $0.05/kWh.  These costs reflect 
the low-priced turnkey O&M and warranty agreement.  LACSD projects O&M costs, under the terms of the 
new agreement to be about $0.17/kWh.  This cost includes replacement of the turbine and recuperator 
during the term of the agreement. 

 
Table 6-3.  Lancaster WRP CHP Performance Summary 

Parameter Microturbine 
Fuel Flow Rate, scfm 62 
Net Output, kW 180 
Net Electrical Efficiency, % 30 
Thermal Efficiency, % NA 
Operation, hr/yr 6,122 
Net CO2e Inventory Reduction, MT/yr NA 
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6.5 Riverside Water Quality Control Plant 
Riverside, California 

The Riverside Water Quality Control Plant (WQCP) is an advanced wastewater treatment facility that treats 
approximately 40 million gallons of domestic sewage per day.  The plant’s solids handling process includes 
four anaerobic digesters that produce approximately 600,000 cubic feet of digester gas per day. 

The CHP plant at the Riverside WQCP consists of a FuelCell Energy DFC 1500 MA molten carbonate fuel 
cell and four 300 kW stacks.  At full output, the fuel cell CHP plant consumes approximately 432,000 cubic 
feet of digester gas per day and produces about 1 MW of renewable energy.  The Riverside WQCP’s fuel cell 
CHP plant has been operational since June 2008.  The Self Generation Incentive Program (SGIP), available 
only in California, contributed $4.5 million toward the purchase of the fuel cells and project construction. 

The fuel cell container shown on Figure 6-11 houses the electrical and mechanical balance of plant, which 
includes fuel heating and water treatment systems.  The fuel cell technology used at the Riverside WQCP 
represents older generation fuel cells.  FuelCell Energy (FCE) has since developed new and more robust fuel 
cells. 
 

 
Figure 6-11.  Molten Carbonate Fuel Cell at the Riverside WQCP 

 

According to the private operator, the fuel cells operate best with a constant supply of fuel.  The Riverside 
WQCP has the ability to occasionally blend up to 10 percent natural gas with digester gas to accommodate 
fluctuations in the digester gas flow, thus providing a constant supply of fuel to the fuel cells.  However, the 
primary use for the natural gas supply is as a backup fuel for the digester gas. 

The electrical efficiency of the fuel cells reportedly approaches 47 percent.  The manufacturer states that 
electrical efficiency declines over time and that cell stacks should be replaced once efficiency drops to about 
43 percent.  A FuelCell Energy representative reports that the stacks are expected to last about 3 to 5 years.  
However, the Riverside WQCP replaced one cell stack within the system’s first year of service. 
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The Riverside WQCP also operates three 1.3 MW Caterpillar internal combustion engines with a mixture of 
digester gas, landfill gas, and natural gas.  To avoid flaring valuable digester gas, the Riverside WQCP’s 
internal combustion engines consume and convert all digester gas not used by the fuel cell CHP plant to 
useable energy.  Together, the internal combustion engine CHP plant and the fuel cell CHP plant have a 
combined electric generation capacity of about 5 MW. 

6.5.1 Digester Gas Treatment 

The fuel cell CHP plant requires clean digester gas that is virtually contaminant free.  The extensive digester 
gas treatment system accommodates digester gas flows up to 300 cubic feet per minute.  The fuel cell CHP 
plant digester gas treatment system consists of a single iron sponge vessel for hydrogen sulfide removal, two 
rotary lobe blowers to pressurize the gas, gas chilling equipment for moisture removal, and two activated 
carbon vessels for siloxane removal.  After treatment the digester gas fuel is fed to the fuel cells at about 15 
psig.  A separate activated carbon system polishes pipeline quality natural gas to remove virtually all sulfur 
compounds. 

Periodically the digester gas treatment system is taken offline so that exhausted iron sponge or activated 
carbon media can be replaced.  While the digester gas treatment system is offline, the fuel cell power plant is 
capable of continuous operation on the natural gas backup fuel. 

 

 
Figure 6-12.  Digester Gas Treatment System at the Riverside WQCP 
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6.5.2 Power Generation 

During the site visit, the fuel cell CHP plant was producing approximately 650 kW.  Parasitic loads, such as 
fuel pressurization equipment and gas chillers, were drawing about 50 kW.  Accounting for these parasitic 
loads, the net electrical output of the plant was about 600 kW.  Generated power is low voltage direct current 
and must be inverted to 3-phase alternating current and transformed to 12 kV prior to connection to the 
Riverside WQCP. 

As required by the local air regulations, the fuel cell power plant is periodically taken out of service for 
regularly scheduled testing of the Riverside WQCP’s backup diesel generators.  Once the fuel cell power plant 
has been shut down, it requires an 8- to 12-hour cool down period before it can be restarted. 

6.5.3 Heat Recovery 

Exhaust from each cell stack combines into a single heat recovery unit.  Recovered exhaust heat offsets a 
portion of the anaerobic digester heat demand.  Heat recovery data were not available during the site visit. 

 

 
Figure 6-13.  Heat Recovery System at the Riverside WQCP 
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6.5.4 Operation and Maintenance 

FuelCell Energy operates the fuel cell power plant remotely from its headquarters in Danbury, Connecticut.  
One of the conditions of the SGIP is that fund recipients show intent to operate the power plant for a mini-
mum of 10 years and enter into a 5-year service agreement to warranty power plant equipment and provide 
the maintenance of the fuel cell power plant.  FuelCell Energy maintains the Riverside WQCP fuel cell 
installation with on-call staff according to the terms of the service agreement, as required by the SGIP grant. 

Operational data were not provided and therefore a more detailed evaluation of this facility with CHP-SET 
was not possible.  
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6.6 Digester Gas-Fueled CHP Systems in the United States 
In addition to the site visits and case studies described above, the authors also conducted brief telephone 
surveys with several POTWs regarding the operation and performance of their digester gas-fueled CHP 
systems.  The survey results from dozens of operating CHP facilities clearly show the long and successful 
history of digester gas-fueled CHP in the United States.  The positive experiences of so many POTWs 
suggests that CHP is a proven method of utilizing digester gas to both produce and conserve energy, thus 
saving the POTW and rate payers money, and reducing the POTW’s carbon footprint. 

The surveys are summarized in the tables presented on the following pages and are intended to provide the 
reader with basic performance criteria and insight to actual experiences with selecting and operating a CHP 
facility.  The surveys represent only a small sampling of the numerous POTWs operating CHP systems in the 
United States.  According to the CHP database compiled by Energy and Environmental Analysis, Inc. (EEA), 
there are currently 116 operational CHP systems fueled by digester gas at POTWs in the United States.  In 
addition to the prime mover technologies represented by the case studies described in this chapter, the EEA 
database also includes boiler/steam turbine and combined cycle installations.  The following table 
summarizes digester gas-fueled CHP installations in the United States, as compiled in the EEA’s Combined 
Heat and Power Installation Database. 
 

Table 6-4.  Digester Gas-Fueled CHP at POTWs in the USA 
Prime Mover Number of Sites Installed Capacity, MW 

Internal Combustion Engine 64 157.5 
Combustion Gas Turbine 9 144.2 
Microturbine 27 3.3 
Fuel Cell 12 5.3 
Boiler/Steam Turbine 3 151 
Combined Cycle 1 28 
Total 116 489.3 
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Table 6-5.  Survey of Internal Combustion Engine CHP Facilities 

Southside WRP
Albuquerque, NM Caterpillar 1986 76 1,100 2

The facility has a total of 4 internal combustion 
engines; 2 each for natural gas and digester gas 
fuels.  The system works well.

Pleased with system performance.  Ongoing 
maintenance.

Cogeneration requires a large initial investment 
that must be considered.

Northeast WWTP
Urbana, IL Caterpillar 2005 20 200 3 Financial reasons and the opportunity to save 

money.
Fairly pleased. They are somewhat labor 
intensive.

Gas treatment is important, especially for 
siloxanes and hydrogen sulfide. Siloxane 
concentrations seem to be increasing.

Riverside WQCP
Riverside, CA Caterpillar NA 40 1,000 3

The obvious reasons for the installation of the CHP 
were to go green and do something positive. 
Since the system was put into place several years 
back, any other reasons aside from the above 
mentioned are unknown.

The system is functional with no real difficulties. 
Two of the three engines are in service while the 
third engine serves as backup. All of the gas 
burned is produced from the facility.

The system performs as expected with no issues 
related to the engines.

The design of future CHP projects should take into 
account the facility as a whole. Future systems 
must be robust enough to provide for the entire 
facility.

Orange County 
Sanitation District 

Plant 1
Orange County, CA

Cooper-
Bessemer 1993 204 2,500 3 CHP was selected for electricity production and 

the need for process heat.

The current system works very well. During normal 
operations 2 out of the 3 engines are operated. 
This is due to a mass emission limit set by the 
South Coast Air Quality Management District. 
Excess gas is flared.  Efficiency is 39% based on 
higher heating value of digester gas and half of 
recovered heat. 

The system is very reliable and overall satisfaction 
has been very high. Currently the facility is 
participating in a demonstration project to bring 
down NOx, VOC and CO emissions. This involves 
the installation of a 2 stage post-combustion 
catalyst system as well a gas cleaning system on 
the upstream side of the engine. The results have 
been very encouraging so far and similar systems 
might be installed on all other engines in the future 
to comply with SCAQMD Rule 1110.2 emission 
limits.

The facility is looking into the replacement of the 
heat recovery boilers to increase heat recovery.

There is concern with future air quality compliance 
due to stringent regulation by South Coast Air 
Quality Management District.  There is an interest 
in alternative methods of electricity production 
such as fuel cells, although loss of useful heat 
production and responsiveness to load changes 
would need to be addressed.

Orange County 
Sanitation District 

Plant 2
Orange County, CA

Cooper-
Bessemer 1993 168 3,000 5 CHP was selected for electricity production and 

the need for process heat.

The current system works very well. Only 2 out of 
the 5 engines are operated because there isn't 
enough digester gas produced to run an additional 
engine.  The CHP system is a combined cycle 
plant and includes a 1,000 kW stream 
turbine/generator.

Satisfaction with this system is very high. If the 
results of the demonstration project currently being 
tested at Plant 1 are good, the components might 
also be installed at this facility.

The facility is looking into the replacement of the 
heat recovery boilers to increase heat recovery.

There is concern with future air quality compliance 
due to stringent regulation by South Coast Air 
Quality Management District.  There is an interest 
in alternative methods of electricity production 
such as fuel cells, although loss of useful heat 
production and responsiveness to load changes 
would need to be addressed.

Littleton Englewood 
WWTP Jenbacher 1999 50 1,200 2

The plant is no longer doing cogeneration.  The 
engines are used for heating only.  The gas was 
not treated, and maintenance was a large 
problem.

The overall concept was good, while execution 
could be considered fair.

The plant would like to clean the methane and sell 
it to a third party, although the regional utility has 
declined.

Columbia 
Boulevard WTP

Portland, OR
Jenbacher 2008 100 850 2

The Columbia Boulevard WTP had a previous 
experience with a fuel cell system that was 
unsatisfactory.  Although a microturbine 
demonstration project exists at the site, 
microturbines were deemed too small for this 
application.  Likewise, combustion gas turbines 
require more fuel than is available as digester gas. 
Internal combustion engines  were determined to 
be the best fit for this application, given the amount 
of digester gas produced (approximately 1 million 
cubic feet per day).

Each internal combustion engine generates 850 
kW of electrical power.  Sufficient waste heat is 
recovered to heat anaerobic digesters (100 
degree F) except on a few winter days.  Electrical 
and thermal efficiencies of the internal combustion 
engines are about 38% and 44%, respectively.  
The new digester gas treatment system removes 
hydrogen sulfide, moisture, and siloxanes.  The 
internal combustion engine supplier provides 
maintenance as part of a 5 year maintenance 
agreement.  The overall maintenance program, 
including digester gas treatment, represents about 
20% of the gross savings acheived by the CHP 
system.

The Columbia Boulevard WTP is very pleased with 
the internal combustion engine-based CHP system.  
As of March 2010, each internal combustion engine 
has been in operation for about 12,000 hours.  

The Columbia Boulevard WTP is considering 
implementing a FOG (fats, oil, grease) program.  
The expected increase in digester gas production 
and subsequent power production would justify 
adding a new internal combustion engine to the 
CHP system.

The CHP system offsets about 40% of the plant's 
electrical power demand; the result of which is 
significant utility cost savings.

Robert W. Hite 
Treatment Facility

Denver, CO
Superior 1985 220 4,000 2

Internal combustion engines serve as backup to 
the new combustion turbine system.  Turbines are 
used for electric power production and provide up 
to 45% of the treatment plant's power needs.  The 
treatment plant's anaerobic digestion and 
biosolids handling process receives about 32 mgd 
of sludge.

Reliable. Pay close attention to heat recovery, especially in 
cold climates.

Watsonville WWTP
Watsonville, CA Superior 1987 12 600 1

At the time of selection, CHP technology was a 
familiar means of heat production and energy 
recovery. The system was believed to have been 
built in 1987 but was not operational until 1991.

The system is reliable. The engine is able to 
operate on digester gas, natural gas or a blend. 
The facility is sometimes able to run the system 
with 100% digester gas on-site. Otherwise, natural 
gas is imported.

There are issues and challenges with the system but 
the level of satisfaction is enough so as not to 
warrant change.

The facility is looking at fuel cell technology.  
However, this option has not been cost effective in 
the two occasions that it was considered.

Des Moines Metro 
WWRF

Des Moines, IA
Superior 1987 75 650 3

The plant is currently in the process of adding 4 
new cogeneration engines.  Two of the engines 
will be natural gas fueled and serve as backup.  
The new units should begin operation at the 
beginning of 2013, and will produce 1,400 kW 
each.  Cogeneration was first used for peak 
shaving.  A grant was used to pay for the initial 
purchase.  Cogeneration is used as an alternative 
to flaring.

Pleased. The electric bill was lowered from $1.2 
million to $0.8 million. However, improvements are 
still possible.

The methane gas needs to be cleaned better. 
Newer, more modern machinery would be nice. 
Older units are more maintenance intensive. A 
separate building for the engines would allow them 
to recover more heat.

South District 
WWTP

Miami, FL
Superior 1988 112 950 3

Addional cogeneration capacity is needed so the 
existing rich burn engines will be replaced with 
larger, 2-MW lean burn units.

Considering the fuel, the Superior engines operate 
very well. The primary problem is the high 
concentration of sulfides and water vapor in the 
waste gas. More effective scrubbers are required.

The plant is currently upgrading to larger engines 
and newer scrubbers. It plans to use additional gas 
from a nearby landfill.

The plant is currently in the process of upgrading.

Durham AWTF
Tigard, OR Superior 1992 23 500 1 Cogeneration was done for monetary reasons and 

to reduce flaring.
Pleased. Mainenance, especially siloxanes, is an 
issue but is manageable. Pleased. Accepting brown grease is being considered to 

increase methane gas production.
Rock Creek AWTF

Hillsboro, OR Superior 1992 28 500 2 Cogeneration was done for monetary reasons and 
to reduce flaring.

Pleased. Mainenance, especially siloxanes, is an 
issue but is manageable. Pleased. Accepting brown grease is being considered to 

increase methane gas production.

Owner assessment of CHP system Recommendations for future CHP projects CommentsPrimary reasons for selection of CHP option Description of actual performanceFacility Manufacturer
CHP 

Installation 
Date

Plant 
capacity, 

mgd

Electrical 
output per 
unit, kW

Number of 
installed 

units
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Table 6-5.  Survey of Internal Combustion Engine CHP Facilities (continued) 

Turlock WWTP
Turlock, CA Waukesha 1978 20 500 1

CHP was selected in order to cut electricity costs. 
The original system was put into place and 
generated power for the facility. It was even able to 
sell back some of the power back to the power 
company.

The system was decomissioned about 5 years 
ago (2005). There was frequent mechanical 
breakdown due to the age of the system. It was no 
longer cost-effective to continue rebuilding the 
engine. When it was still in operation, the system 
performance was good.

Before the system was decommissioned, the facility 
was satisfied with it. 

The facility is also looking at increasing gas 
production with the use of milk by-products from a 
local cheese processor.

Air regulations in California are pushing more 
towards fuel cells. It has become increasingly 
more difficult to obtain permits for an internal 
combustion engine.

Oro Loma Sanitary 
District 

Oro Loma, CA
Waukesha 1980s 20 360 2 CHP is the most economical means of generating 

power for the wastewater treatment plant.

The system has excellent overall performance with 
virtually 100% up-time. The engines are able to run 
on either digester gas or natural gas. The system 
is capable of generating 80 - 90 % of the total 
energy needs of the facility. 

Overall satisfaction with the system is very high.

West Point WWTP
Seattle, WA Waukesha 1984 120 1,300 4 Cogeneration started in the 1980s and other 

technologies were not available at the time. Pleased. Provide adequate gas treatment.

Central Valley WRF
Salt Lake City, UT Waukesha 1985 62.5 1,200 5

Reliable standby power and relatively large heat 
volumes are required to efficiently operate 
treatment facility. 

All heat and electrical energy production is utilized 
in plant operations.  During periods of low digester 
heating demands, excess engine heat is diverted 
to absorption chillers and used to produce 
refrigeration for building HVAC use.  All produced 
electricity is used to offset plant operations 
electrical demand.

Hydrogen sulfide is controlled by ferric chloride 
dosing.  Gas is then dried using refrigerated driers.  
Once dried, gas is filtered through activated carbon 
vessels for siloxane removal prior to compression 
and delivery to the engines.  The engines can 
operate on digester gas, a mixture of digester and 
air diluted natural gas, or pure natural gas.  To date 
the CHP system has logged over 500,000 
operating hours with only one major mechanical 
failure.

The CHP system's two original engines were both 
the rich-burn type.  During the mid 1990s the 
engines were modified to lean-burn operation.  
Additional engine capacity has since been 
installed and the CHP system now consists of 5 
lean-burn engines.

Medford Regional 
WRF

Medford, OR
Waukesha 1988 19 340 1 The plant got a good deal on a used engine, and 

now produces 40% of its electricity needs.

The CHP system includes a single internal 
combustion engine that was purchased used.  
Maintenance is an ongoing and costly issue.  The 
plant is pleased with the system.

The main problem with using methane gas is the 
presence of siloxanes. Gas scrubbing is required.

Madison WWTP
Madison, WI Waukesha 1989 42 450 2

Plant has been operating a cogeneration system 
since 1939.  Engines were the only viable 
cogeneration option at the time.  New engines 
were installed in 1989, in part due to familiarity 
with the technology.

The system is performing well.  Recovered heat is 
used for digester heating and building heating, 
and during the summer for cooling using an 
absorption chiller.

Pleased. Gas scrubbing is important, as siloxanes are a 
serious concern.

Willow Lake WWTP 
Salem, OR Waukesha 1989 30 600 1

The plant is currently in the process of upgrading 
to newer engines. Fuel cells have been 
considered. They would also like multiple engines 
for redundancy.

Engines were problematic in the beginning, but 
have been in service for over 20 years with 90% 
uptime.

Pleased. Keep it simple.

Howard F. Curen 
Advanced WWTP

Tampa, FL
Waukesha 1992 96 500 5 The plant received grant money for initial 

purchases.

The system operates 3 units at a time with 2 units 
in standby.  The process works very well, and the 
units have lasted a long time. Gas treatment is 
difficult, and maintenance is a challenge. The units 
offset 25% of the plant's power.

The plant is pleased with the cogeneration system.
A dual system would be preferred. If a natural gas 
feed was available, the hotter-burning natural gas 
could be used to clean the system.

Laguna WWTP
Santa Rosa, CA Waukesha 1996 21 900 3

The original decision to install a CHP option was 
in 1976. The primary reasons were to be able to 
capture energy and have a source of heat for the 
digesters.

Two engines are run continuously for 24 hours 
while the third engine only runs for 6 hours. The 
aging auxiliary equipment and building structure is 
unable to handle the thermal buildup.

The CHP system performance is satisfactory but the 
facility is looking into upgrading. The upgrade is 
estimated at $12M. The new upgrades include 4 top 
tier rated engines with an output of 1 MW each.  
One engine will be in primary service with a second 
engine providing assistance with excess load. The 
third and fourth engines serve as back-up and for 
stand-by power. The engines are designed to meet 
current air quality standards. The engines are 
capable of running with 100% digester gas, a blend 
of digester and natural gas, or 100% natural gas.

The ability to burn methane completely and having 
a heat source are the primary drivers for a future 
CHP project. Electricity production is a bonus. 
There is also a need for increased reliability of an 
engine in order to avoid the purchase of natural 
gas.

Air emission regulations is a big issue. There is a 
concern that the new system will run under sub-
optimal conditions. To mitigate this, greater effort 
is required in the selection of system components 
as well as the eventual operation of the new 
system.

Primary reasons for selection of CHP option Description of actual performance Owner assessment of CHP system Recommendations for future CHP projects CommentsFacility Manufacturer
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Table 6-5.  Survey of Internal Combustion Engine CHP Facilities (continued) 

Greater 
Greensburg Waukesha 1997 7 170 1 The engines have been in use for over 40 years 

and have been replaced once. Many of the newer 
The engines are used to power blowers and heat 
the digestion process.  The engines save energy, They require a lot of maintenance. Emphasize countering maintenance costs with 

savings on energy.
North Davis SD
Syracuse, UT Waukesha 1999 34 510

750 1 Familiarity and the success of the existing CHP 
system, featuring two Waukesha rich-burn 

The CHP system runs one engine, 24 hours a day, 
baseloaded to the plant grid.  The rich-burn 

The CHP system performs a key role for the NDSD, 
helping to reduce peak demands and make power 

It is important to weigh the costs of advanced 
digester gas treatment verses higher maintenance 

NDSD has two rich-burn engines and one lean-
burn engine.  High maintenance costs only allow 

Nashua WWTP
Nashua, NH Waukesha 2001 16 120 1

The initiative to better utilize biosolids is now in its 
11th year. The system is performing very well.  The 
system is currently being upgraded to add an 
additional 380 kW of electric power generation 
capacity.

Pleased.
Internal combustion engines can be labor 
intensive.  Consider combustion gas turbines 
where sufficient digester gas is available.

Oceanside WWTP
Oceanside, CA Waukesha 2001 250 2,000 1 Selection of the CHP option was to use digester 

gas, and recover energy and energy.

The system is currently not running and is under 
contract to be rebuilt. The system was upset by 
"dirty" gas and is also experiencing various engine 
issues such as piston failure. A gas conditioning 
system will be installed and hopefully get the 
system up and running.

Since the system is not operational, the facility is not 
satisfied with it.

The facility would like to see better reliability in the 
CHP system and increase uptime.

Santa Cruz WWTF
Santa Cruz, CA Waukesha 2002 17 820

500 2

In the 1980s, the original cogeneration system was 
put into place. This served to recover heat and 
energy. Major upgrades were made to the system 
in 2002.

The 820 kW engine runs 24/7 with an average 
blend of 80% digester gas and 20% natural gas. It 
has a 98% uptime and high efficiency. The 500 
kW engine runs during peak demands and can run 
on either natural gas or digester gas, if the 820 kW 
engine is down for long term service. The engine 
only needs to be retuned to run on a different fuel. 
However, it is not cost effective to run the 500 kW 
engine during off peak demand period from 
November to April.

The satisfaction with the system has been high. The 
820 kW engine performs very well. The 500 kW 
engine was purchased used and can have 
problems from time to time. Mechanics on-site have 
provided stellar service to the engines and play a 
vital role in the operation and maintenance of the 
system.

The facility is looking to recover excess heat from 
their stack and divert it for the drying of biosolids. 
Air permitting issues in California are a big 
concern whenever it comes to any plant retrofit or 
upgrades. 

Napa SD
Napa, CA Waukesha 2002 15.4 415 1

The selection of a CHP system originated from a 
masterplan in 1990. At that time, there were no 
other alternative energy options being considered. 
Energy recovery, conservation and financial 
savings are also key factors for the CHP option.

Currently the system is running at less than the 
optimum level. There isn't enough methane 
production to allow the engine to operate at full 
load.

There is great satisfaction with the system when it is 
running at its optimum capacity. An average of 
4,200 - 4,500 kWh per day is recovered by the 
system.

There are other alternative energy sources that 
can be considered. The ideal situation is to have a 
system that is 100% self sustaining.

Stockton WWTP
Stockton, CA Waukesha 2004 55 1,000 3 At the time of selection, CHP was the most cost-

effective option in terms of energy efficiency.

The system performs well even though there are 
some limitations with air emission regulations. All 
three units are typically operated. One unit typically 
runs on 100% digester gas, the second unit with 
100% natural gas, and the third unit running with a 
blend.

The facility is satisfied with the installed system.

The facility is looking into replacing the internal 
combustion engines with fuel cells. This has to do 
with lesser concerns over air emission regulations. 
Current product lines for fuel cells are entering 
their second generation which increases 
confidence in the adoption of fuel cell technology.

Recommendations for future CHP projects CommentsPrimary reasons for selection of CHP option Description of actual performance Owner assessment of CHP systemFacility Manufacturer
CHP 
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Table 6-6.  Survey of Combustion Gas Turbine CHP Facilities 

Joint WPCP
Carson, CA Solar Turbines 1986 400 9,000 3

Use of digester gas resource, plant reliability. 
Power plant is operated to export a little power to 
the grid so that grid fluctuations and blackouts do 
not impact the plant.

There are three 9 MW Solar Turbines, of which two 
are used at any time. Availability typically exceeds 
98%. The combusiton turbines are part of a 
combined cycle power plant. The steam turbine 
failed in 2008.  An new steam turbine, rated at 8.7 
MW, will be installed in 2011.  Once operational 
the new steam turbine is expected to operate at 
about 6 MW output.

Facility has been an integral part of plant operation 
for almost 25 years, and saves $18 million per 
year in electricity purchases. 

Robert W. Hite 
Treatment Facility

Denver, CO
Solar Turbines 2000 180 2,500 2

Higher reliability and lower maintenance costs 
than ICEs.  Compression system from previous 
ICE installation was already in place.

Turbines are successfully operating at about 3 
MW, each.  Slightly above permitted rating of 2.5 
MW, each.  Turbines offset about 50% of the 
plant's electrical demand.  Turbines meet entire 
digester heat demand.  Boilers supplement turbine 
heat recovery for additional process and building 
heating.

Turbines operate well but there are issues with the 
heat recovery coils fouling due to siloxane 
precipitation.

Address siloxane fouling of heat recovery system 
coils.

Superior ICEs are in standby for use when 
turbines are being serviced.  The CTs have higher 
availability rates.  At the expiration of the PERPA 
contract the ICEs were too expensive to operate.  
Metro contracted with Suez to operate a new CHP 
system.

Village Creek 
WWTP

Fort Worth, TX
Solar Turbines 2001 166 5,300 2

Village Creek had operated ICEs since 1963, 
replacement parts were no longer available, and 
air quality had become an issue.  The electrical 
and mechanical infrastructure was already in 
place, so replacement of five existing ICEs was 
the obvious next step.  Turbine technology was 
selected because of lower maintenance costs and 
less downtime required for a complete overhaul.

Both turbines are operational, but due to changes 
in the gas supply,only one turbine at a time can be 
operated at peak efficiently.  Fourteen anaerobic 
digesters produce in excess of 1,000,000 scf 
digester gas each day; digester gas is 
supplemented with landfill gas from a municipal 
sanitary landfill.  This allows production of 4 MW 
which satisfies 50% of the plant's electricity 
consumption.  Exhaust heat is used to heat the 
digesters.  Siloxane has not been an issue.

Turbines are well suited to using landfill gas as a 
supplement to digester gas because, if the gas 
quality or quantity change, the turbine power output 
simply drops to accommodate the new fuel 
conditions.

Village Creek is in the design phase of a project to 
install steam turbines to drive two blowers.  These 
steam turbines will be powered with heat from the 
combustion  turbine exhaust.  The plant is also 
planning digester improvements to increase 
mixing efficiency which will allow grease and other 
high BOD materials to be fed directly  to the 
digesters to increase gas production.

The plant operating budget depends on the 
electricity generated by the turbines to minimize 
power purchased from the electric utility.  The long 
term goal is to produce enough electricity to be 
able to export power rather than purchasing 
power.

CommentsPrimary reasons for selection of CHP option Description of actual performance Owner assessment of CHP system Recommendations for future CHP projects
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Table 6-7.  Survey of Microturbine CHP Facilities 

Lewiston WWTP
Lewiston, NY Capstone 2001 2.75 30 2

The NY Power Authority paid for equipment and 
engineering as part of the relicensing agreement 
with the Town of Lewiston.

Currently producing about 35 kW due to lack of 
digester gas.  Digesters need to be clean to 
increase gas production.  Thermal efficiency 
during winter months is about 75%.  Heat is 
wasted during the summer such that thermal 
efficiency drops to about 40 - 50%.  The engine 
generator operated for about 50,000 hours.  It was 
replaced about two years ago due to 
complications that arose from moisture in the 
digester gas.  Additional moisture removal 
equipment was added to the system at the time of 
the generator replacement about two years ago.  
Microturbines have operated successfully for the 
past two years since moisture removal was 
improved.

Microturbines have operated very successfully 
since steps were taken to remove moisture from 
digester gas fuel.  The microturbines have 
successfully operated at full output when sufficient 
digester was available.  At full output the 
microturbines generate enough energy to offset 
about 50% of the plant's electrical demand.  
Microturbine CHP system is easier to operate 
than the ICEs.  It is connected to the grid.  Staff is 
comfortable with the system.  NYSERDA 
contributes $0.10/kWh for maintenance which 
equates to about $0.23/kW produced.

Absolutely critical to provide very dry fuel.

One 51 kW Cummins ICE was installed in 1985.  It 
was connected to the grid and produced about 35 - 
40 kW due to derating for digester gas.  One 100 
kW Caterpillar ICE was installed in 1997.  It was 
isolated from the grid.  Smaller engine was moved 
to standby and only operated during peak digester 
gas production.  During times of low digester gas 
production the larger engine was supplemented 
with natural gas.  ICEs continue to be used at the 
plant as a secondary power source but are rarely 
needed.  When available, additional heat is used 
to heat the digester building.

Allentown WWTP
Allentown, PA Capstone 2001 40 30 13

The City of Allentown had entered an Energy 
Services Master Agreement with PPL Spectrum, 
an entrepreneurial subsidiary of the locoal electric 
power supplier, Pennsylvania Power and Light 
(PPL).  They performed an investment grade audit 
of the WWTP to provide a plan for facility 
improvements and concurrent reductions in energy 
consumption.  PPL Spectrum provided a proposal 
to construct the micro-turbine facility and the City 
accepted.

Initially, the project did not include pretreatment of 
the digester gas.  Hydrogen sulfide and siloxanes 
in the digester gas damaged the compressors 
and micro-turbines.  Subsequently, a gas cleaning 
skid was added to the facility; a chiller and heat 
exchanger were provided to remove moisture; the 
12 microturbines were returned to the 
manufacturer to be refurbished; and a 13th 
microturbine was added to make up for the 
parasitic load that was added by the digester gas 
treatment system.  Since startup of the additional 
equipment, the facility has still experienced a 
significant amount of downtime as a result of the 
lack of redundancy in the glycol chiller and digester 
gas compressor.

As a result of the funding (PA Act 29) and the 
O&M Agreement with PPL Spectrum, decisions 
on the timing for the repair of equipment are not 
the City's.  Business decisions to hold off on 
repairs has resulted in less digester gas utilization 
than the City staff would have liked, however PPL 
has met their commitment for the generation of 
power based on the contract.  Microturbines 
require a significant amount of maintenance.  
Having never dealt with other types of CHP 
systems, it is tough to say that less maintenance 
and more dependability would have been 
achieved by a different digester gas utilization 
system.

Hydrogen sulfide, siloxanes and moisture must be 
removed from the fuel.  Apply the same level of 
redundancy to the CHP system as would be used 
elsewhere at the WWTP.  If possible get the power 
supplier to construct and maintain the project 
under a performance contract.  This is the only 
thing that prevented Allentown's CHP project from 
being an economic loss to the City.

Digester gas treatment was not initially provided 
and this caused major problems.  The system has 
operated just enough to prevent PPL from paying 
the City.  Digester heat is being supplemented by 
a boiler.

Columbia 
Boulevard WTP

Portland, OR
Capstone 2003 100 30 4

At the time, microturbines were an unfamiliar, 
untried technology to the Columbia Boulevard 
WTP.  The microturbines were initially installed as 
a small demonstration project designed to assess 
microturbine technology and evaluate its potential  
to utilize digester gas to generate power and 
possibly act as a backup or standby power 
source.

Microturbine operation has been intermittent.  The 
microturbine-based CHP system includes a heat 
exchanger for transfering exhaust gas heat to the 
anaerobic digester hot water loop.  This heat 
recovery system has been somewhat effective.  
The microturbines have been out of operation 
since the digester gas supply was interupted 
during the construction of the new internal 
combustion engine-based CHP system.  The 
microturbine-based CHP system is expected to 
be operational again in 2010.

Challenges with operating the microturbines are 
primarily the result of inadequate digester gas 
treatment provided by the initial skid-mounted 
treatment system.  The initial digester gas 
treatment system has since been abandonded 
and digester gas is now treated in a new system 
that was constructed as part of the internal 
combustion engine-based CHP system.  Though 
the microturbines are not currently operational, the 
Columbia Boulevard WTP has not given up on the 
microturbines and is working to make the project a 
success.

Extensive and reliable digester gas treatment is 
essential for the successful operation of a 
microturbine-based CHP system.  The digester 
gas treatment system originally consisted of 
desiccant moisture removal and siloxane removal.  
The moisture removal system was proven to be 
ineffective and a chiller-type system was 
subsequently added for moisture removal.  A new 
booster blower was also added to increase gas 
pressure to the compressors.

The Columbia Buoulevard WTP has two separate 
CHP systems; a microturbine-based system and 
an internal combustion engine-based system.  The 
internal combustion engines are operating 
successfully.  The original microturbine CHP 
system was supplied as a package, which 
included skid mounted microturbines and skid 
mounted digester gas treatment and compression.
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Table 6-7.  Survey of Microturbine CHP Facilities (continued) 

Essex Junction 
WWTP

Village of Essex 
Junction, VT

Capstone 2003 3.3 30 2

Small size of application was a good fit for 
microturbines.  Emissions were not to exceed 
existing boiler and flare operations.  Financial 
analysis selected microturbines over reciprocating 
engine.

Waste heat is used to maintain digester 
temperatures at 100 deg F.  Microturbines use 
100% of the plant's anaerobic digester gas.  
Operating two microturbines 48 hours per day.  
Initial operation was expected to be only 40 hours 
per day.  The presence of moisture in the digester 
gas initially caused compressor downtime and 
failure.

Operating better than expected.  Issues with 
moisture in the digester gas which caused 
problems with the compressors has been 
resolved.  Addition of FOG to the digesters has 
resulted in better than expected digester gas 
production.  As a result the microturbines operate 
48 hours per day, an improvement of 20% in 
excess of what was expected.  Awarded the 2003 
Vermont Governor's Award for Environmental 
Excellence and Pollution Prevention.  Use of 
digester gas has increased from 50% utilization 
prior to the project to nearly 100% today.  This 
facility is an example that CHP is a realistic option 
for some small (less than 5 mgd) WWTP.

The project was financially supported by Efficiency 
Vermont and other organizations.  Lessons were 
learned from of the Lewiston, NY microturbine 
project, another small WWTP.  Electric power 
demand at the WWTP is about 120 - 240 kW.  
Includes a robust gas conditioning system with 
moisture and siloxane removal.

Sheboygan 
Regional WWTF
Sheboygan, WI

Capstone 2006 18.4 30 10

Prior relationship with Alliant Energy.  Alliant 
owned several older generation Capstone 
microturbines that were available for immediate 
installation and use.  The 30-kW modular units are 
convenient for matching available digester gas 
production.

Experienced some challenges during startup 
related to moisture in digester gas freezing.  
Issues related to freezing were addressed and 
have not been a problem since.  Digester gas is 
cooled pre and post compression to about 45 
degrees F.  Digester gas is compressed from 10 
inches WC to about 100 psig.  System is 
producing about 1.5 MW/yr, net.  Maintenance 
costs are about $0.02/kWh.

The relationship between the Sheboygan Regional 
WWTF, Alliant Energy, and Unison Solutions has 
been very successful.  Sheboygan Regional 
WWTF considers the project a major success and 
is happy with its operation.  Based on the success 
of the system and the availability of additional 
digester gas, expansion is being considered to 
add an additional 400 kW of microturbine 
capacity.

It is critical to work with the electric utility 
throughout design, construction and startup.  Find 
alternative funding sources such as local and 
federal grants.  Must look at the overall CHP 
picture and account for parasitic loads.  Carefully 
evaluate plant capacities, energy usage, and 
digester gas production.  If digester capacity is 
available consider adding alernative waste 
streams such as FOG and food wastes.

Six of the microturbines had their engines 
replaced.  2 of those had their engines replaced 
twice.  This is likely due to the fact that the 
microturbines are older generation and simply 
wore out.  Microturbines operate at 90,000 RPM.  
If not properly installed vibration can damage the 
equipment.  It is not believed that the engine 
failures were related to digester gas quality.  All 10 
microturbines have been operating very 
successfully for the past 2 years without any 
issues.

Lancaster Water 
Reclamation Plant

Lancaster, CA
Ingersoll-Rand 2005 16 250 1

This was part of the Antelope Valley Green Energy 
Program, which included one of the first 
demonstrations of Ingersoll-Rand's 250 kW unit at 
a water reclamation plant.

Electrical output is used to displace on-site load. 
Waste heat was used for digester heating. 5-year 
availability was 52%, significantly lower than the 
90% target. There were some long-term outages 
due to engine and recuperator replacements, 
along with significant startup issues with the deep 
chill gas conditioning system. Site issues (electric 
grid fluctuations and gas availability) account for 
10-20% of the outages.  Net electrical output is 
about 198 kW.

The facility did not meet its operational or financial 
targets. As a demonstration facility this was 
acceptable, but the 5-yr demonstration period 
ended in March 2010 and the unit must be 
financially viable to continue operation. Low 
availability remains a major concern, and the unit 
will be shut down if ongoing O&M costs do not 
cover power purchase savings. The deep chill 
system has not operated for a full week since 
August 2008.

Guidance from our Wastewater Management 
Department are that any future projects must 
require no capital from their department, have little 
risk, and be paid back in less than 5 years. We will 
probably look at Power Purchase Agreement 
projects in the future.

It's hard to make these small projects economically 
viable, and given new economic realities we may 
not replace the current microturbine if it is shut 
down. 
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Table 6-8.  Survey of Fuel Cell CHP Facilities 

King County WWTP FuelCell 
Energy 2004 70 1000 1 Part of a joint demonstration project by the EPA, 

King County and FuelCell Energy.
Demonstrated a project lifetime availabilty of 
93.8%.

http://your.kingcounty.gov/dnrp/library/wastewater/energy/Fu
elCell/0904FuelCellReport.pdf

Project led to the development of the fuel blending 
methodology (use natural gas to supplement loss 
or fluctuations of digester gas), which is now a 
standard feature of FuelCell Energy's biogas 
power plants.

Unit shut down at end of demonstration period.

Palmdale Water 
Reclamation Plant

Palmdale, CA

FuelCell 
Energy 2004 15 225 net 1

This was part of the Antelope Valley Green Energy 
Program, which included one of the first 
demonstrations of FuelCell Energy's 250 kW unit 
at a water reclamation plant.

Project availability was 72% and capacity factor 
was 36%. The project served its purpose as a 
demonstration facility, as FuelCell Energy took the 
lessons learned to implement improvements on 
newer models. 

The facility served its purpose as a demonstration 
facility. For any future projects a fuel cell must be 
able to compete economically with other 
alternatives.

Guidance from our Wastewater Management 
Department are that any future projects must 
require no capital from their department, have little 
risk, and be paid back in less than 5 years. We will 
probably look at Power Purchase Agreement 
projects in the future.

It's hard to make these small projects economically 
viable. Palmdale is currently undergoing a major 
plant upgrade and construction, so potential 
installation of a new power facility has been 
deferred until 2012.

El Estero WWTP FuelCell 
Energy 2005 250 2

High efficiency, high-grade waste heat, low 
emissions of the DFC fuel cells and California's 
attractive Self Generation Incentive Program 
(SGIP).

Demonstrated a project lifetime availabilty of 
85.4%.

Provide a dedicated fuel train for natural gas to 
accomplish fuel blending during fluctuations in 
digester gas production.

Unit shut down at completion of project term.

High efficiency, high-grade waste heat, low 
emissions of the DFC fuel cells and California's 
attractive Self Generation Incentive Program 
(SGIP).

http://www.fuelcellenergy.com/files/FCE_Tulare_070208-
LR_1.pdf 

Dublin San Ramon 
Services District

FuelCell 
Energy 2008 10.6 300 2

High efficiency, high-grade waste heat, low 
emissions of the DFC fuel cells and California's 
attractive Self Generation Incentive Program 
(SGIP).

Availability as of August 2010 is 96.2% .  Waste 
heat is used in a hot water loop to heat the 
digesters.

Riverside Public 
Works Department

FuelCell 
Energy 2008 40 1000 1

High efficiency, high-grade waste heat, low 
emissions of the DFC fuel cells and California's 
attractive Self Generation Incentive Program 
(SGIP).

Availability as of August 2010 is 90%.  Waste heat 
is used in a hot water loop to heat the digesters.

City of Rialto WWTP FuelCell 
Energy 2008 300 2

High efficiency, high-grade waste heat, low 
emissions of the DFC fuel cells and California's 
attractive Self Generation Incentive Program 
(SGIP).

Availability as of August 2010 is 98.8%.  Waste 
heat is used in a hot water loop to heat the 
digesters.

Turlock Irrigation 
District

FuelCell 
Energy 2009 20 1000 1

High efficiency, high-grade waste heat, low 
emissions of the DFC fuel cells and California's 
attractive Self Generation Incentive Program 
(SGIP).

Availability as of August 2010 is 86%.  Waste heat 
is used in a hot water loop to heat the digesters.

Eastern Municipal 
Water District

FuelCell 
Energy 2009 16 300 3

High efficiency, high-grade waste heat, low 
emissions of the DFC fuel cells and California's 
attractive Self Generation Incentive Program 
(SGIP).

Availability as of August 2010 is 96.7%.  Waste 
heat is used in a hot water loop to heat the 
digesters.

Operation is around the clock, provides energy 
security, and offsets about 40 percent of the total 
electrical demand at that plant. The Perris Valley 
facility is a new wastewater treatment plant under 
construction that has been designed to be 
environmentally friendly and energy efficient. The 
ultra-clean power generation by the fuel cell power 
plant was an important aspect in the purchasing 
decision

Facility Manufacturer
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Owner assessment of CHP system Recommendations for future CHP projects
Number of 
installed 

units

CHP 
Installation 

Date

Plant 
capacity, 

mgd

City of Tulare WWTP 330062007FuelCell 
Energy

The combined heat and power capability of the 
fuel cells has been ideal. The fuel cells generate 
clean electricity and heat that is used in the 
anaerobic digestion process, making the system 
efficient and cost-effective .

Availability as of August 2010 is 94.8%.  Waste 
heat is used in a hot water loop to heat the 
digesters.

Tulare's success in its approach to wastewater 
treatment was honored by the U.S. Environmental 
Protection Agency with its Clean Air Excellence 
Award in 2009. Under the EPA's Green Power 
Partnership program, Tulare was named to the 
Top 20 List of the agency's "partners generating 
and consuming the most green power on-site." 
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Chapter 6 Evaluation of Combined Heat and Power Technologies for Wastewater Treatment Facilities 
 

 
6-27 

Table 6-8.  Survey of Fuel Cell CHP Facilities (continued) 

Yonkers Joint WWTP
Yonkers, NY UTC Power 1997 120 200 1

Extremely low fuel cell emissions were an 
important consideration for operation near New 
York City.  Fuel cells were readily available for 
purchase in the size range required for this 
application.

The fuel cell operation was very reliable and can 
be characterized as a success.  The successful 
operation of the Yonkers Joint WWTP fuel cell  
was an important factor in the selection of fuel cells 
for CHP installations at other wastewater 
treatment plants in New York City.  Waste heat 
from the fuel cell was not captured and used for 
process heating.  The fuel cell did not operate as a 
true combined heat and power system.  The fuel 
cell is no longer in service.

Very pleased with the fuel cell performance and 
the UTC maintenance contract.  Economic 
performance was as expected for electric power 
production.

Install as much electric power production capacity 
as possible.  Carefully verify the amount of 
anaerobic digester gas available for conversion to 
electric power.

Recognize challenges using waste heat in an 
existing wastewater treatment plant.  For the 
Yonkers WWTP it would not have been cost 
effective to include a process heating system with 
the fuel cell.

NYC DEP Red Hook 
WWTP

New York City, NY
UTC Power 2003 60 200 2

Extremely low fuel cell emissions were an 
important consideration for operation in New York 
City.  Also, the selection of fuel cells was due, in 
large part, to the experience and success of the 
Yonkers WWTP with its fuel cell.

To date the fuel cells have operated at a rate of 
about 86% availability.  Fuel cell waste heat is not 
captured and used for process heating.

Very pleased with the fuel cell performance and 
the UTC maintenance contract.  Economic 
performance was as expected for electric power 
production.

Install as much electric power production capacity 
as possible.  Carefully verify the amount of 
anaerobic digester gas available for conversion to 
electric power.

Thermal energy from the 200 kW fuel cells is very 
small in comparison to the thermal load required to 
heat the anaerobic digesters.  Therefore it was not 
economically feasible to capture fuel cell waste 
heat for digester heating.  Digesters are heated by 
digester gas and natural gas fueled boilers.

NYC DEP 26th Ward 
WWTP

New York City, NY
UTC Power 2003 85 200 2

Extremely low fuel cell emissions were an 
important consideration for operation in New York 
City.  Also, the selection of fuel cells was due, in 
large part, to the experience and success of the 
Yonkers WWTP with its fuel cell.

To date the fuel cells have operated at a rate of 
about 87% availability.  Fuel cell waste heat is not 
captured and used for process heating.

Very pleased with the fuel cell performance and 
the UTC maintenance contract.  Economic 
performance was as expected for electric power 
production.

Install as much electric power production capacity 
as possible.  Carefully verify the amount of 
anaerobic digester gas available for conversion to 
electric power.

Thermal energy from the 200 kW fuel cells is very 
small in comparison to the thermal load required to 
heat the anaerobic digesters.  Therefore it was not 
economically feasible to capture fuel cell waste 
heat for digester heating.  Digesters are heated by 
digester gas and natural gas fueled boilers.

NYC DEP Hunts 
Point WWTP

New York City, NY
UTC Power 2003 200 200 3

Extremely low fuel cell emissions were an 
important consideration for operation in New York 
City.  Also, the selection of fuel cells was due, in 
large part, to the experience and success of the 
Yonkers WWTP with its fuel cell.

To date the fuel cells have operated at a rate of 
about 94% availability.  Fuel cell waste heat is not 
captured and used for process heating.

Very pleased with the fuel cell performance and 
the UTC maintenance contract.  Economic 
performance was as expected for electric power 
production.

Install as much electric power production capacity 
as possible.  Carefully verify the amount of 
anaerobic digester gas available for conversion to 
electric power.

Thermal energy from the 200 kW fuel cells is very 
small in comparison to the thermal load required to 
heat the anaerobic digesters.  Therefore it was not 
economically feasible to capture fuel cell waste 
heat for digester heating.  Digesters are heated by 
digester gas and natural gas fueled boilers.

NYC DEP Oakwood 
Beach WWTP

New York City, NY
UTC Power 2003 40 200 1

Extremely low fuel cell emissions were an 
important consideration for operation in New York 
City.  Also, the selection of fuel cells was due, in 
large part, to the experience and success of the 
Yonkers WWTP fuel cell (now out of service).

To date the fuel cells have operated at a rate of 
about 84% availability.  Fuel cell waste heat is not 
captured and used for process heating.

Very pleased with the fuel cell performance and 
the UTC maintenance contract.  Economic 
performance was as expected for electric power 
production.

Install as much electric power production capacity 
as possible.  Carefully verify the amount of 
anaerobic digester gas available for conversion to 
electric power.

Thermal energy from the 200 kW fuel cell is very 
small in comparison to the thermal load required to 
heat the anaerobic digesters.  Therefore it was not 
economically feasible to capture fuel cell waste 
heat for digester heating.  Digesters are heated by 
digester gas and natural gas fueled boilers.
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E P A  –  C O M B I N E D  H E A T  A N D  P O W E R  T E C H N O L O G Y  
E V A L U A T I O N  

7 .   L I T E R A T U R E  R E V I E W  

7.1 Literature Review 
The following section provides a brief review of the many documents that information was drawn from to 
help develop this CHP evaluation document.   

Catalog of Combined Heat and Power Technologies.  Prepared by Energy and Environmental Analysis, 
Inc., an ICF International Company, and Eastern Research Group, Inc. (ERG) for the U.S. Environmental 
Protection Agency, Combined Heat and Power Partnership, December 2008. 

This report presents CHP as a form of distributed generation.  CHP has potential in a wide range of 
applications, including at wastewater treatment plants.  The report does not focus on a specific CHP 
application, rather it focuses on different CHP technologies.  The report contains five separate and distinct 
sections, each of which focuses solely on a single CHP technology.  The technology characterizations 
included in the report are (combustion) gas turbines, microturbines, reciprocating (internal combustion) 
engines, steam turbines, and fuel cells.  The authors evaluated and compared multiple CHP systems 
representing each of the technologies listed.  System evaluations included performance parameters such as 
electrical and total efficiencies, thermal output, fuel characteristics, capital and O&M costs, and emissions per 
unit power produced. 

Opportunities for and Benefits of Combined Heat and Power at Wastewater Treatment Facilities.  U.S. 
Environmental Protection Agency, Combined Heat and Power Partnership, April 2007, 
http://www.epa.gov/chp/documents/wwtf_opportunities.pdf. 

The CHPP has identified dry mill ethanol production, hotels/casinos, and wastewater treatment as market 
sectors that are suitable for increased use of CHP.  The report specifically addresses CHP at POTWs with 
anaerobic digesters.  Among the benefits cited for CHP at POTWs is the “free” fuel available from anaerobic 
digesters to generate electricity while meeting process heat demands without the need to purchase fuels.  The 
report provides POTWs with guidance on how facility size relates to cost-effective CHP systems, how to 
estimate CHP electrical and thermal production based on wastewater flow rate, and other important 
considerations for implementing CHP.  The CHPP estimates the power production from CHP at 340 MW if 
all U.S. POTWs with anaerobic digesters and flow in excess of 5 mgd implemented a CHP system.  This 
amount of clean power production would offset 2.3 million MT of CO2 emissions every year.  Only 106 
POTWs in the U.S. use digester gas for CHP.  The CHPP’s analyses are based, in part, on data from the 2004 
Clean Watersheds Needs Survey (CWNS) and Energy and Environmental Analysis, Inc.’s (EEA’s) Combined 
Heat and Power Installation Database.  The report includes an appendix containing a complete list of U.S. 
POTWs with flows exceeding 5 mgd and at least one anaerobic digester.  The list also includes the potential 
electric power generation possible at each facility if CHP were installed. 

Review of Combined Heat and Power Technologies.  ONSITE SYCOM Energy Corporation for the 
California Energy Commission (Grant 98R020974), October 1999. 

The report provides a basic description of several CHP prime movers including diesel engines, natural gas 
engines, gas turbines, microturbines, and fuel cells.  The report also provides a side-by-side comparison of the 
prime movers in tabular format.  The comparison table includes ranges of prime mover performance 
characteristics including electrical output and efficiency, installed ($/kW) and O&M ($/kWh) costs, heat 
recovery options, and NOx emissions (lb/MWh).  While the report does not discuss CHP in terms of 
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anaerobic digestion, it provides valuable information relating to the fundamentals of various types of prime 
movers. 

Can a Wastewater Treatment Plant be a Power Plant?  A Case Study.  N. Schwarzenbeck, E. Bomball and 
W. Pfeiffer.  Water Science & Technology, 2008. 

This paper presents a case study of the overall treatment efficiency of the wastewater treatment plant located 
in Grevesmühlen, Germany.  The authors report that the Grevesmühlen WWTP, which provides centralized 
sewage sludge treatment for neighboring communities, achieved a fourfold increase in digester gas production 
by optimizing its anaerobic digestion process and co-digesting skimmed grease with sewage sludge.  The 
authors also report that the highly volatile grease increased sludge loading to the digesters by 30 to 40 percent.  
As a result of anaerobic digestion optimization and improved digester gas production, the authors report that 
the plant’s CHP system produced 113 percent of the plant’s energy demand in the year 2006.  The authors 
claim that normal aeration tank operation accounts for about 70 percent of a typical WWTP’s total energy 
consumption and that thermal energy consumed at WWTPs is almost exclusively dedicated to the heating of 
anaerobic digesters.  The authors cite the work of Pinnekamp, which suggests that electricity accounts for 
about 80 percent of WWTP’s total energy costs.  According to the authors, WWTPs are generally capable of 
producing enough onsite energy to offset only 40 percent of the plant’s total energy consumption. 

The Power of Digester Gas, A Technology Review from Micro to Megawatts.  Mark McDannel and Ed 
Wheless, WEFTEC 2007. 

The Los Angeles County Sanitation District (LACSD) operates several facilities which together treat a 
combined wastewater flow of 520 mgd and dispose of 40,000 tons of solid waste per day.  Since 1938, the 
LACSD has used digester gas to fuel internal combustion engines.  Today the LACSD uses digester gas and 
landfill gas to fuel several CHP systems.  Currently the LACSD WWTPs produce 23 MW of electrical power 
from a variety of digester gas fueled prime movers.  The authors provide an account of LACSD’s experiences 
with and a detailed description of its current CHP systems, which include combustion gas turbines, internal 
combustion engines, a fuel cell, and a microturbine.  The Joint Water Pollution Control Plant, located in 
Carson, CA, achieves net power production of 22 MW with its combustion turbine based CHP combined 
cycle system.  The Valencia Water Reclamation Plant (WRP) achieves net power production of 400 kW with 
its internal combustion engine based CHP system.  The CHP system at the Lancaster WRP consists of a 
microturbine and achieves 200 kW net electrical production.  The fuel cell CHP system at the Palmdale WRP 
is a 225 kW net power producer.  All of the systems include heat recovery. 

Clean Energy Technologies:  A Preliminary Inventory of the Potential for Electricity Generation.  Owen 
Bailey and Ernst Worrell for the Environmental Protection Agency, Contract Number DE-AC02-
05CH11231, April 2005. 

The report discusses several clean energy technologies including anaerobic digestion of sewage sludge to 
produce digester gas for conversion to electricity and useful heat.  The authors report that typical WWTP 
operation is to harness digester gas combustion to maintain digester temperatures.  The authors promote 
digester gas combustion to produce electricity instead.  The authors provide a case study of the Nine Springs 
Wastewater Treatment Facility in Madison, WI, which treats 42 mgd and operates two 475 kW generators.  
The electrical generation system was installed for a cost of $2 million.  The authors report that the system 
saves the owner $370,000 in electrical costs and $75,000 in fuel purchases every year.  The authors estimate 
an electrical generation rate of 872 MW per year if all 16,400 U.S. WWTPs generated electricity from digester 
gas combustion at the same rate as the Nine Springs Wastewater Treatment Facility.  The authors provide 
interesting and valuable information regarding electricity generation from digester gas but do not discuss heat 
recovery or CHP. 

Assessment of Distributed Generation Technology Applications.  Resource Dynamics Corporation for 
the Maine Public Utilities Commission, February 2001. 
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This report reviews and compares several distributed generation technologies including reciprocating engines, 
microturbines, industrial combustion turbines, phosphoric acid and proton exchange membrane fuel cells, 
photovoltaics, and wind turbine systems.  With the exception of proton exchange membrane fuel cells, 
photovoltaics, and wind turbines, each of the technologies reviewed in the report have been and continue to 
be used in digester gas combustion applications.  The technology comparison includes ranges for electrical 
generation capacity, electrical and total efficiency, and packaged and installed costs.  The report claims that 
thermal energy from CHP applications can be used to operate certain types of cooling equipment.  Among 
the advantages of CHP, the report lists high useable thermal output, high system efficiency, low maintenance 
costs, and low emissions. 

An Assessment Tool for Managing Cost-effective Energy Recovery from Anaerobically Digested 
Wastewater Solids.  Hugh Monteith, David Bagley, Heather MacLean, and Youssouf Kalogo for the Water 
Environment Research Foundation., June 2007. 

The report supplements a spreadsheet model that was developed to evaluate technologies for energy recovery 
from anaerobically digested wastewater solids.  The model is based on a life-cycle assessment approach and is 
referred to as The Life Cycle Assessment Manager for Energy Recovery (LCAMER).  Users input site-
specific information to select the best options for energy recovery.  The model factors the cost of borrowed 
money, energy costs, equipment life span, etc.  Not only does the model evaluate energy recovery options, 
but it also evaluates the anaerobic digestion and digester gas treatment processes. 

Biomass Combined Heat and Power Catalog of Technologies.  Prepared by Energy and Environmental 
Analysis, Inc., an ICF International Company, and Eastern Research Group, Inc. (ERG) for the U.S. 
Environmental Protection Agency, Combined Heat and Power Partnership, September 2007. 

This reports presents information on a wide variety of biomass fuels, including anaerobic digester gas, used in 
CHP applications.  According to previous work by the Combined Heat and Power Partnership (CHPP), there 
are 544 wastewater treatment plants in the U.S. with influent flows in excess of 5 mgd and that operate 
anaerobic digesters.  The CHPP estimates that 340 MW of electricity could be produced if all such facilities 
operated CHP systems.  The authors refer to digester gas as “opportunity fuel,” meaning that there is no fuel 
generation cost if anaerobic digesters are already in place.  However, the authors also recognize the cost 
associated with digester gas collection, treatment, and O&M. 

Sustainable Energy Practices Guidebook for Public Agencies.  Prepared for Sonoma County, CA by 
Brown and Caldwell, May 2009. 

The intention of the guidebook is to assist public utilities in benchmarking their greenhouse gas emissions 
and developing a plan for their reduction.  The guidebook presents suggestions for energy conservation based 
on case studies and proven best practices.  The topics presented in the guidebook that are relevant to CHP 
applications include greenhouse gas emissions, energy management, and water supply and distribution. 

Digester Gas Constituents and Cleaning in Biosolids to Energy Projects.  Patrick Wootton, GE Energy, 
2008. 

The author’s main objective is to provide engineers and operators with guidance on siloxane and hydrogen 
sulfide removal from digester gas.  The paper is written from the perspective of internal combustion engines 
being used as the CHP prime mover.  Other CHP prime movers, such as combustion turbines, 
microturbines, steam turbines, and fuel cells are not considered.  The paper presents characteristics of 
siloxanes and hydrogen sulfide, their effects on internal combustion engines, and how they can be removed 
from the fuel.  The author cites the 2008 WERF State of the Science Report which claims that most WWTPs 
do not treat digester gas for siloxane removal and are not experiencing any problems caused by the presence 
of siloxanes in the fuel.  The author speculates that the concern surrounding siloxanes in digester gas may be 
due to past experiences with landfill gas.  According to the author, hydrogen sulfide should be removed from 
the digester gas to the extent possible due to its oxidation to sulfuric acid during combustion.  The author 
reports that both hydrogen sulfide and sulfuric acid are extremely corrosive to engine components. 
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Recover High-Btu Gas from New Sources.  Gary J. Nagl.  Hydrocarbon Processing, January 2007. 

The author’s objective is to present a thorough discussion of treatment technologies for cleaning landfill gas 
to pipeline quality standards.  While no mention is made of digester gas, much of the information presented is 
relevant to anaerobic digester gas treatment.  The author points out that treating landfill gas to pipeline quality 
requires converting the fuel to virtually pure methane.  The author presents several methods for the removal 
of various landfill gas constituents including hydrogen sulfide and siloxanes, both of which are common to 
digester gas.  The author presents hydrogen sulfide removal technologies as either dry or wet processes and 
claims that dry technologies, such as iron sponge, are not regenerable.  The paper includes a very brief 
discussion on siloxanes and specifically mentions activated carbon and activated graphite as common removal 
methods. 

Siloxanes in Fuel Gas.  Mark Hughes, Solar Turbines Incorporated, 2008. 

The author provides a thorough discussion of siloxane removal from digester gas and landfill gas for a 
combustion gas turbine perspective.  In an apparent contradiction to other literature, the author claims that 
use of digester gas has equal potential for siloxane problems as use of landfill gas.  The author also claims that 
siloxane levels in digester and landfill gas are rising due to greater acceptance of siloxane containing products.  
According to the author siloxane testing methods vary widely making analyses from different methods 
difficult to compare.  An industry standard for siloxane testing has yet to be adopted.  Solid media adsorption 
appears to be the most proven method of siloxane removal.  The author reports that there are two types of 
adsorption systems; those that sacrifice the media and those that regenerate the media.  According to the 
author the regenerative type systems have become more popular in recent years.  The claim is that, despite 
higher capital costs, regenerative systems are attractive due to substantially lower O&M costs.  Depending on 
the type of system employed, regeneration occurs with the use of either heated air or cleaned product gas.  
The author reports that in either case the regeneration gas must be sent to a flare.  The author also makes 
mention of other siloxane removal technologies, such as liquid scrubbing and deep refrigeration, and claims 
that they are not ready for commercial use at this time.  The author concludes that the decision to remove 
siloxane from fuel gas should be made based on cost, benefit, and risk analyses. 

Bioenergy and Greenhouse Gases.  Gregory Morris, Green Power Institute:  The Renewable Energy 
Program of the Pacific Institute, May 2008. 

This paper discusses GHG implications of energy production from biomass and biogas.  The paper focuses 
solely on carbon based GHG emissions.  The author gives a detailed explanation of the global carbon cycle 
and the roles that the Earth’s atmosphere and biosphere play therein and how carbon is exchanged between 
the two.  The author points out that combustion of biomass and biogas results in GHG emissions.  However, 
the author concludes that energy production from biomass and biogas is carbon neutral because emitted 
carbon is already part of the active carbon cycle, but is moved from the biosphere to the atmosphere.  The 
author contrasts this with sequestered carbon, or “fossil carbon,” that is regularly removed from the Earth’s 
geology and for use as a fuel.  The author concludes that a proper accounting of net emissions shows that 
energy production from biomass and biogas actually reduces the GHG emissions associated with society’s 
waste. 

Best  Practices for Sustainable Wastewater Treatment: Initial Case Study Incorporating European 
Experience and Evaluation Tool Concept.  George V. Crawford for the Water Environment Research 
Foundation, August 2009. 

The objective of the report is to encourage energy reduction within wastewater treatment plant operations.  
The report identifies several European wastewater treatment plants that operate very efficiently.  The 
researchers also conducted an in-depth case study of the Strass, Austria wastewater treatment plant and its 
operations.  By upgrading its aeration system, anaerobic digestion process, CHP equipment, and other 
process optimizations, the Strass wastewater treatment plant now produces more energy than it consumes.  
Based on the Strass case study cited in the report and the experiences of other European facilities, the 
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researchers are developing a tool that allows wastewater treatment professionals to evaluate the energy 
efficiency of wastewater treatment plants. 

State of Science Report: Energy and Resource Recovery from Sludge.  Youssouf Kalogo and Hugh 
Monteith for the Water Environment Research Foundation, 2008.   

The purpose of this report is to emphasize the resource potential of wastewater sludge and encourage energy 
recovery from wastewater sludge.  The report includes an extensive review of anaerobic digestion and energy 
recovery from wastewater sludge.  The section on digester gas pretreatment systems includes a thorough 
discussion on siloxanes and their removal from digester gas, as well as other digester gas constituents.  The 
section on digester gas energy recovery systems includes discussions on steam boilers, internal combustion 
engines, microturbines, fuel cells, and Stirling engines.  Combustion gas turbines are not discussed. 

Fueling the Flames: Maximizing Biogas Use Can Improve the Bottom Line.  Dave Parry, September 2008. 

In this article the author discusses sources of biogas, its potential uses, treatment, air emissions, and 
economics.  The author also gives special emphasis to the importance of properly integrating biogas 
production, treatment, and utilization technologies with wastewater treatment plant operations.  The author 
recommends using all of the produced biogas, stating that a CHP system can meet a wastewater treatment 
plant’s energy needs and that any surplus gas should then be converted to some other form of energy, such as 
vehicle fuel or offsite electricity and heat. 

Comparison of Distributed Generation Technology Options, 250 – 400 kW.  Electric Power Research 
Institute, March 2006. 

The subtitle of this document is “Micro-turbines, Carbonate Fuel Cells, Internal Combustion Engines”.  This 
report provides a comparison of power generation systems fueled by anaerobic digester gas and landfill gas at 
sites owned and operated by the Los Angeles County Sanitation District.  Evaluated technologies include a 
microturbine at the Lancaster Water Reclamation Plant, a fuel cell at the Palmdale Water Reclamation Plant, a 
10-microturbine system fueled by landfill gas at the Calabasas Landfill, and an internal combustion engine at 
the Valencia Water Reclamation Plant.  Technology comparisons include project installation costs in $/kW 
and maintenance costs in $/kWh.  The report includes detailed project descriptions of each facility. 

Assessment of Fuel Gas Cleanup Systems for Waste Gas Fueled Power Generation.  Electric Power 
Research Institute, December 2006. 

The focus of this report is the treatment of various biogases for use in power generating systems.  Waste 
streams that produce biogas include, sewage sludge, organic industrial wastes, municipal solid waste, and 
manure from animal feed operations.  The primary focus of the report is a detailed discussion of biogas 
contaminants and several different types of biogas treatment systems.  The report also provides a discussion 
of power generating equipment that includes internal combustion engines, combustion turbines, 
microturbines, Stirling engines, and fuel cells. 

Dealing with Landfill Fuel: Evaluating Fuel Treatment Options.  Michael A. Devine, Caterpillar Inc., 2006. 

The document provides a thorough discussion on the treatment of landfill gas so that the gas can then be 
converted to energy.  The author claims that landfill gas treatment for use in energy projects is a question of 
economics, suggesting that the cost of contaminant removal must be weighed against the benefits that can be 
realized from improved gas utilizing equipment performance, reliability and maintenance costs.  The author 
discusses two methods for dealing with landfill gas constituents; removing contaminants or installing engines 
that can tolerate fuel impurities with acceptable maintenance intervals and equipment life.  This document 
focuses on energy recovery solely from landfill gas.  However, landfill gas and digester are similar in make up 
and many of the processes for treating landfill gas and recovering its energy are also suitable for digester gas.  
Much of the information contained in the referenced document is relative the CHP guidance document. 
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Guidance on Gas Treatment Technologies for Landfill Gas Engines.  Scottish Environment Protection 
Agency and Environment Agency, August 2004. 

This report provides detailed information on treating landfill gas for use in engine generators.  The report 
subdivides landfill gas treatment into two categories; pretreatment and combustion treatment.  Pretreatment 
consists of primary treatment, consisting of water and particulate removal, and secondary treatment, which 
consists of sulfur and siloxane removal.  Combustion treatment includes in-engine treatment technologies and 
post combustion emissions control.  Landfill gas treatment technologies and emissions controls are relevant 
to digester gas treatment CHP systems. 

Landfill Gas to Vehicle Fuel: Assessment of its Technical and Economic Feasibility.  Jeffrey L. Pierce, 
SCS Energy, March 2007.   

The author discusses the potential to convert landfill gas to vehicle fuel.  For use as vehicle fuel, landfill gas 
must be converted first to compressed natural gas or liquefied natural gas equivalents.  The author provides a 
discussion of the differences between gas fuels and liquid fuels and states that gas fuels are the safer 
alternative.  In order to convert landfill gas to vehicle fuel, the landfill gas first requires scrubbing to remove 
carbon dioxide, nitrogen, and oxygen, thus increasing the fuel’s methane content.   The author also describes 
the Puente Hills Landfill’s landfill gas to vehicle fuel system.  The landfill is owned by the Los Angeles 
County Sanitation District and converts a small portion of its landfill gas to the equivalent of approximately 
1,000 gallons of gasoline per day.  Given the similarities between landfill gas and anaerobic digester gas, the 
paper contains information that may be relevant to POTWs considering a digester gas to vehicle fuel 
operation. 

General Reporting Protocol for the Voluntary Reporting Program.  The Climate Registry, May 2008. 

The Climate Registry has several goals including, the development of the premier GHG emissions registry in 
North America, using voluntary reporting program to support mandatory GHG reporting programs, and 
serve as a repository of GHG emissions for public use.  The report claims that there is a consensus among 
the scientific GHG emissions attributable to human activities contribute to global climate change.  The report 
also acknowledges the public debate as to what could or should be done to reduce GHG emissions and that 
many individuals and organizations are voluntarily taking steps to reduce their own emissions.  Because of the 
voluntary efforts of some, the report recognizes the need to accurately quantify emissions data.  The Climate 
Registry’s voluntary emissions reporting program is described in detail in the report. 

Shifting the Paradigm:  Anaerobic Digestion and Combined Heat and Power for Small Treatment Plants.  
Eian Lynch and William Fitzgerald, August 2010. 

The authors recognize the high energy costs associated with wastewater treatment and biosolids disposal and 
the potential to offset a portion of these costs by operating anaerobic digesters in conjunction with a CHP 
system.  The authors also point out that due to the economies of scale anaerobic digestion and CHP have 
historically not been cost-effective at plants treating flows less than 10 mgd.  The authors cite a study that 
concluded that anaerobic digestion and CHP can be economically feasible by supplementing the digestion 
process with highly degradable alternative feed stocks that significantly increase digester gas production.  As a 
result of the study the Town of Fairhaven (Mass.) Wastewater Treatment Facility, which treats an average 
daily flow of 2.7 mgd, constructed new anaerobic digestion and CHP facilities in 2009. 

Strategic CHP Deployment Assistance for Wastewater Treatment Facilities.  Association of State Energy 
Research & Technology Transfer Institutions, October 2009. 
http://www.naseo.org/news/newsletter/documents/2010-01-21-CHP_Project_Summary.pdf. 

The purpose of the ASERTTI document is to encourage increased use of CHP systems at wastewater 
treatment plants.  The authors point out that most wastewater treatment plants with anaerobic digestion use 
flares to dispose of the digester gas and recognize the vast potential for these plants to use the digester gas to 
produce energy.  Operational data from several digester gas-fueled CHP plants from around the country was 
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collected and compiled into brief case studies.  The goal of collecting and sharing the information was to 
increase public awareness of the benefits of CHP and to further encourage its implementation at other 
treatment plants around the country. 

IPCC Second Assessment: Climate Change 1995.  Intergovernmental Panel on Climate Change, 1995.  
http://www.ipcc.ch/pdf/climate-changes-1995/ipcc-2nd-assessment/2nd-assessment-en.pdf 

This document is a comprehensive presentation of the available science related to the topic of global climate 
change.  It specifically evaluates the role of human activities on climate change. 

Engines Run on Sewage Gas.  The Literary Digest for July 6, 1929. 

This brief article quotes extensively from Power, which describes what is reportedly the first digester gas-fueled 
CHP in the United States.  The CHP system in Charlotte, North Carolina apparently started operation in 
1928.  The article states that the wastewater treatment plant produced just over 400,000 cubic feet of digester 
gas in a particular month, which was then used to produce about 25,000 kWh of electric power, which 
resulted in a cost savings of $500 for the month. 

Digestion Gas Package Power Generation – Some Recent Experiences Within Severn-Trent Water 
Authority.  G. P. Noone, B. Bell, and M. Donaldson, Severn-Trent Water Authority, 1984. 

The authors present a brief report on the first year of operational history for a CHP system operated by the 
Severn-Trent Water Authority.  The CHP system includes a Waukesha internal combustion engine.  The 
authors provide some interesting history on the use of digester gas to produce energy at wastewater treatment 
plants, stating that the first digester gas-fueled CHP system in the world began operation in 1921 in 
Birmingham, England. 

Case Studies in Residuals Use and Energy Conservation at Wastewater Treatment Plants.  U.S. 
Environmental Protection Agency and U.S. Department of Energy, 1995, 
http://www.nrel.gov/docs/legosti/old/7974.pdf 

This report consists of several case studies documenting the efforts of various wastewater treatment plants 
that generate energy from wastewater residuals.  Among the case studies are the Hyperion Wastewater 
Treatment Plant (Los Angeles) and the Renton Water Reclamation Plant (Seattle), both of which are relevant 
to the CHP guidance document due to their experiences with energy recovery from digester gas. 

7.2 Differences Between the Literature and This CHP 
Evaluation Document 

The purpose of this section is to acknowledge contradictions that may exist between the material presented in 
this report and the combined heat and power (CHP) body of knowledge.  It is important to realize that 
conditions and needs of individual publicly owned treatment works (POTWs) vary.  Likewise, no two CHP 
projects are the same.  As such, the successful use of one type of CHP prime mover might not be appropriate 
in a similar application.  Therefore, much of the information presented in this document is general in nature 
and, for the most part, appears to be in agreement with much of what has been previously published on the 
subject of using anaerobic digester gas as fuel for CHP projects.  Contradictions that have arisen through this 
process are relatively minor and relate primarily to the subject of digester gas treatment.  Differences between 
this report and the literature reviewed during its preparation are presented below. 

An Assessment Tool for Managing Cost-Effective Energy Recovery.  The report includes a wealth of data 
specific to the operation of all types of CHP prime movers.  Some of the data, particularly equipment and 
maintenance costs, and air emissions, do not completely agree with the information that we have gathered.  
We recognize the challenge of compiling such data, as we have attempted to do the same for this CHP 
evaluation document.  Data provided in the reviewed literature and in this CHP evaluation document provide 
a range of values that might be expected for a given type of prime mover.  The lesson that should be taken 



Chapter 7 Evaluation of Combined Heat and Power Technologies for Wastewater Treatment Facilities 

 
7-8 

from this apparent contradiction between the literature and this CHP evaluation document is that POTW 
decision makers should consult carefully with CHP equipment manufacturers and vendors to ensure that the 
most accurate and current information is provided in order to make informed decisions as they relate to 
evaluating and selecting a CHP system.   

Assessment of Fuel Gas Cleanup Systems for Waste Gas Fueled Power Generation.  The authors state 
that, “rather than removing siloxanes from the fuel gas, most sites have chosen to accept the increased 
maintenance costs associated with the use of low cost or no cost biogas fuel.”  We do not doubt that this 
statement reflects the experiences of the authors in the 2006 timeframe.  However, our experience has been 
that more and more POTWs are recognizing the detrimental effects of combusting siloxane-laden digester 
gas and are reacting by adding or enhancing siloxane removal treatment systems, despite increased 
maintenance costs. 
The authors also claim that, “siloxane concentrations are generally higher in wastewater treatment plant 
digester gas than in landfill gas.”  Our experience has been that siloxane concentrations in digester gas and 
landfill gas are very similar.  However, we have noticed greater diversity of siloxane species in landfill gas as 
compared to digester gas. 

The paper states that, “carbon adsorption is the only proven siloxane removal technology now in commercial 
operation.”  At the time of the report’s publication in 2006, that statement was likely true.  However, since 
that time new siloxane removal technologies, including silica gel adsorption and regenerative proprietary 
media, have emerged and are in commercial operation. 

State of Science Report: Energy and Resource Recovery from Sludge.  In preparing the referenced report 
the authors conducted surveys of several POTWs.  Results of the survey indicate that most POTWs “do not 
remove siloxanes and have yet to report problems”.  While we do not doubt the survey results, we do point 
out that it is highly likely that POTWs that are not removing siloxanes from their digester gas will eventually 
experience problems with their CHP equipment as siloxane deposits build up over time. 
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Facility:

Part 1 - Summary of Prime Mover Electrical Output Part 2 - Description of CHP Prime Mover

11,000

Mars 90

Installation Date: 1980's

7,810

290

Jason Wiser w/ Jim LaRoche

5/11/2009

Model Number:

Electrical Capacity (kW):

Respondent:

Electrical Output

(kW)

Plant Flow (MGD):

Digester Gas Capacity (scfm):100%

Mechanical Capacity (hp):

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

5,406

Net Electrical Output

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Manufacturer:

CHP Prime Mover:

(% of Full Load) Solar

Combustion Gas Turbine (#1) Date:

Return to InstructionsReturn to Instructions

Part 3 - Prime Mover - Photograph Part 5 - Prime Mover and Appurtenant Equipment - Process Flow Diagram

Uptime 68.4%

Return to InstructionsReturn to Instructions

Part 4 - Prime Mover - System Description

The JWPCP has operated a combined cycle power plant since the 1970's.  As 

originally designed, the system consists of 3 Solar combustion gas turbines and a 

steam turbine.  Anaerobic digesters are heated by steam generated by the steam 

Return to InstructionsReturn to Instructions

Part 6 - Operation and Limitations

The steam turbine failed and was taken out of service in April 2008.  Design is underway to install a new steam turbine that will complete the combined cycle and 

add 7.5 MW of electrical output while providing steam for digester heating.  Digester-gas-fueled boilers currently provide heat to the anaerobic digestion process.  

Despite being overhauled, each turbine produces about 8.5 MW of electricity.  The JWPCP is energy self sufficient.

steam turbine.  Anaerobic digesters are heated by steam generated by the steam 

turbine.  A digester-gas-fired "reheat" boiler supplements combined cycle steam 

production by providing additional steam for digester heating.  The Mars 90 turbines 

were originally rated for 9 MW output but have since been overhauled to provide 11 

MW output.  Combustion gas turbine #1 is out of service for routine maintenance.  This 

data sheet evaluates turbine #2.  A seperate data sheet will evaluate turbine #3.  The 

system operates only at "full" output.  A seperate evaluation of the combined cycle 

operation will be performed based on historical data.

Return to InstructionsReturn to Instructions



Facility:

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

Respondent: Jason Wiser w/ Jim LaRoche

Date: 4/5/2010

580

Digester Gas HHV (Btu/ft3) 681

Digester Gas LHV (Btu/ft3)

11,000Prime Mover Rated Output (kW)

Return to InstructionsReturn to Instructions

Part 7 - Prime Mover - Fuel Data

Part 8 - Prime Mover - Electrical Efficiency

7,810703

Ancillary Loads (kW) Net Production (kW)

Based on Lower Heating Value (LHV) Based on Higher Heating Value (HHV)

Fuel Energy (Btuh) Fuel Energy (kW)Fuel Energy (Btuh) Fuel Energy (kW)

110,436,533

Full Rated Load: 100.0%

Gross Electrical Efficiency

Intermediate Load 1:

8,513

Minimum Load:

Load Description Percent of Full Load Electrical Output (kW)

Load Description Percent of Full Load

100.0%

Digester Gas Flow (scfm)

94,071,360

Intermediate Load 1:

Full Rated Load:

Intermediate Load 2:

27,5632,703

Intermediate Load 3:

31% 28%

Net Electrical Efficiency

32,358

Return to InstructionsReturn to Instructions

Part 9 - Prime Mover - Thermal Efficiency

Part 10 - Prime Mover - Total Efficiency

Intermediate Load 2:

Intermediate Load 1:

Intermediate Load 3:

Thermal EfficiencyReheat Boiler (Btuh) Thermal Recovery (Btuh)HRSG (Btuh)

Minimum Load:

Full Rated Load: 100.0%

Percent of Full LoadLoad Description

Intermediate Load 3:
Minimum Load:

Intermediate Load 1:

Intermediate Load 2:

Return to InstructionsReturn to Instructions

Total Efficiency

28%

Minimum Load:
Intermediate Load 3:

Load Description Percent of Full Load

Full Rated Load:

Intermediate Load 2:

100.0%

Intermediate Load 1:

Return to InstructionsReturn to Instructions



Facility:

Part 11 - Ancillary Equipment - Parasitic Loads

Part 12 - Non-Electricity-Consuming Ancillary Equipment - Details

Mist Eliminater

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

Venturri Scrubber Digester Gas Cooler

Excludes lighting

40

523

209373
Two turbines operating

50

746

Excludes lighting

40

304

121

XHW-2451-HHE-V
Ingersoll Rand

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

100.0%

Percent of Full Load

Proportioned Load (kW)

Proportioned Load (kW)

Intermediate Load 2:

Intermediate Load 1:

Full Rated Load:

Load Description

Measured Load (kW)

Basis for Proportion

Proportional Load (%)

Measured Load (kW)

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Minimum Load:

Intermediate Load 3:

Basis for Proportion

Proportional Load (%)

Measured Load (kW)

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Measured Load (kW)

Total 

Proportioned 

Load (kW)

703

Jason Wiser w/ Jim LaRoche

Model Number:

Non-Electrical Equipment:

Manufacturer:

Respondent:

4/5/2010

Other

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Date:

Measured Load (kW)

Model:
Manufacturer:

Ancillary Equipment: OtherGas Compressor

Return to InstructionsReturn to Instructions
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Part 13 - Prime Mover - Emissions Data

Jason Wiser w/ Jim LaRoche

Date:

Respondent:

4/5/2010

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

Return to InstructionsReturn to Instructions

Part 13 - Prime Mover - Emissions Data

44.01 16.04 44.01 28.01 46.01

% lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh

Full Rated 

Load:
100.0% 1.70 18.58 63.43 5.65 0.0023 0.0077 0.23 0.0003 0.0009 17.38 0.0667 0.2276

Intermediate 

Load 1:

Intermediate 

Load 2:

Intermediate 

Load 3:

MW (lb/lbmole)

CH4 Emissions

Other Emissions

N2O Emissions

MW (lb/lbmole)MW (lb/lbmole) MW (lb/lbmole)

NOx Emissions

MW (lb/lbmole)

CO Emissions

Biogenic Emissions

CO2 Emissions

Greenhouse Gas Emissions

Percent of 

Full Load

Load 

Description

Return to InstructionsReturn to Instructions

Load 3:
Minimum 

Load:

(dscf/lbmole)
Flue Gas Volume, VM

(percent)

Flue Gas O2

8,917
(dscf/million Btu)

Fuel Factor, Fd

Standard for all flue gases.

Excess flue gas O2 is typically 15%.

Approximate for digestger gas with 60% methane.

15.64

359

Return to InstructionsReturn to Instructions
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Part 14 - Prime Mover and System - Carbon Foot Print Summary

kW hr/yr MT CO /yrMWh/yr MT CO /yr MT CO /yr MT CO /yr

Net Electrical Output Equivalent CO2 OffsetPercent of 

Full Load
Load Description

Net Electrical 

Output

Hours of 

Operation
Biogenic CO2 EmissionsNet Reportable CO2 OffsetCO2 Equivalent of N2O CO2 Equivalent of CH4 

MT CO /yr

Date: 4/5/2010

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Respondent: Jason Wiser w/ Jim LaRoche
Return to InstructionsReturn to Instructions

kW hr/yr

100.0% 7,810 5,996

5,996

68.4%

MT CO2/yr

Total Hours of Operation:

Prime Mover Uptime:

MWh/yr MT CO2/yr MT CO2/yr MT CO2/yr

5.65 -18,661-18,670 1,347

Intermediate Load 1:

3.43

Intermediate Load 2:

Full Rated Load: 46,826

Intermediate Load 3:

Minimum Load:

MT CO2/yr

Return to InstructionsReturn to Instructions

68.4%Prime Mover Uptime:

21

Reference: eGRID - state of California, subregion CAMX879

CO2e of N2O

lb CO2/MWh

Reference: 1996 IPCC Second Assessment Report

CO2e of CH4 Reference: 1996 IPCC Second Assessment Report

310

Return to InstructionsReturn to Instructions



Facility:

Part 1 - Summary of Prime Mover Electrical Output Part 2 - Description of CHP Prime Mover

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

5,406

Net Electrical Output

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Manufacturer:

CHP Prime Mover:

(% of Full Load) Solar

Combustion Gas Turbine (#2) Date:Electrical Output

(kW)

Plant Flow (MGD):

Digester Gas Capacity (scfm):100%

Mechanical Capacity (hp):

7,547

290

Jason Wiser w/ Jim LaRoche

5/11/2009

Respondent:

Model Number:

Electrical Capacity (kW): 11,000

Mars 90

Installation Date: 1980's

Return to InstructionsReturn to Instructions

Part 3 - Prime Mover - Photograph Part 5 - Prime Mover and Appurtenant Equipment - Process Flow Diagram

Uptime 75.9%

Return to InstructionsReturn to Instructions

Part 4 - Prime Mover - System Description

The JWPCP has operated a combined cycle power plant since the 1970's.  As 

originally designed, the system consists of 3 Solar combustion gas turbines and a 

steam turbine.  Anaerobic digesters are heated by steam generated by the steam 

Return to InstructionsReturn to Instructions

Part 6 - Operation and Limitations

The steam turbine failed and was taken out of service in April 2008.  Design is underway to install a new steam turbine that will complete the combined cycle and 

add 8.7 MW of electrical output while providing steam for digester heating.  Digester-gas-fueled boilers currently provide heat to the anaerobic digestion process.  

Each turbine produces about 8.5 MW of electricity.  The JWPCP is energy self sufficient.

steam turbine.  Anaerobic digesters are heated by steam generated by the steam 

turbine.  A digester-gas-fired "reheat" boiler supplements combined cycle steam 

production by providing additional steam for digester heating.  The Mars 90 turbines 

have since been overhauled and are now rated for 11 MVA output.  Combustion gas 

turbine #1 was out of service for routine maintenance at the time that this case study 

was performed.  This data sheet evaluates turbine #2.  A seperate data sheet will 

evaluate turbine #3.  The system operates only at "full" output.

Return to InstructionsReturn to Instructions



Facility:

11,000Prime Mover Rated Output (kW)

Digester Gas LHV (Btu/ft3)

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

Respondent: Jason Wiser w/ Jim LaRoche

580

Digester Gas HHV (Btu/ft3) 681

Date: 4/5/2010

Return to InstructionsReturn to Instructions

Part 7 - Prime Mover - Fuel Data

Part 8 - Prime Mover - Electrical Efficiency

Fuel Energy (kW)

110,436,533 32,358

Net Electrical EfficiencyElectrical Output (kW)

Intermediate Load 2:

31% 27%

Load Description Percent of Full Load

Intermediate Load 1:

Full Rated Load:

Load Description Percent of Full Load

100.0%

Digester Gas Flow (scfm)

94,071,360

Intermediate Load 1:

Intermediate Load 3:

8,513

Minimum Load:

Full Rated Load: 100.0%

Gross Electrical Efficiency

27,5632,703

Net Production (kW)

Based on Lower Heating Value (LHV) Based on Higher Heating Value (HHV)

Fuel Energy (Btuh) Fuel Energy (kW)Fuel Energy (Btuh)

Ancillary Loads (kW)

7,547966

Return to InstructionsReturn to Instructions

Part 9 - Prime Mover - Thermal Efficiency

Part 10 - Prime Mover - Total Efficiency

Intermediate Load 1:

Intermediate Load 3:
Minimum Load:

Intermediate Load 2:

Minimum Load:

Full Rated Load: 100.0%

Percent of Full Load Reheat Boiler (Btuh)HRSG (Btuh)Load Description Thermal EfficiencyThermal Recovery (Btuh)

Intermediate Load 2:

Intermediate Load 1:

Intermediate Load 3:

Return to InstructionsReturn to Instructions

Full Rated Load:

Intermediate Load 2:

100.0%

Intermediate Load 1:

Minimum Load:
Intermediate Load 3:

Load Description Percent of Full Load Total Efficiency

27%

Return to InstructionsReturn to Instructions
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Part 11 - Ancillary Equipment - Parasitic Loads

Part 12 - Non-Electricity-Consuming Ancillary Equipment - Details

Date:

Measured Load (kW)

Model:
Manufacturer:

Ancillary Equipment: Cooling Tower FanGas Compressor

Respondent:

4/5/2010

OtherCooling Tower Fan

Model Number:

Non-Electrical Equipment:

Manufacturer:

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Basis for Proportion

Measured Load (kW)

Total 

Proportioned 

Load (kW)

966

Jason Wiser w/ Jim LaRoche

Measured Load (kW)

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Minimum Load:

Intermediate Load 3:

Basis for Proportion

Proportional Load (%)

Measured Load (kW)

Proportioned Load (kW)

Proportional Load (%)

Percent of Full Load

Proportioned Load (kW)

Proportioned Load (kW)

Intermediate Load 2:

Intermediate Load 1:

Full Rated Load:

Load Description

Measured Load (kW)

Basis for Proportion

Proportional Load (%)

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

100.0%

XHW-2451-HHE-V
Ingersoll Rand

746
Dedicated to CT

100

746

Per J. LaRoche

80

45

36 14936

80

186

Per J. LaRoche

80

45

Per J. LaRoche

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

Venturri Scrubber Digester Gas CoolerMist Eliminater

Return to InstructionsReturn to Instructions
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Part 13 - Prime Mover - Emissions Data

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

Jason Wiser w/ Jim LaRoche

Date:

Respondent:

4/5/2010

Return to InstructionsReturn to Instructions

Part 13 - Prime Mover - Emissions Data

44.01 16.04 44.01 28.01 46.01

% lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh

Full Rated 

Load:
100.0% 2.08 22.74 77.60 0.49 0.0002 0.0007 0.02 0.0000 0.0001 17.38 0.0667 0.2276

Intermediate 

Load 1:

Intermediate 

Load 2:

Intermediate 

Load 3:

Percent of 

Full Load

Load 

Description

Biogenic Emissions

CO2 Emissions

Greenhouse Gas Emissions

MW (lb/lbmole) MW (lb/lbmole)

NOx Emissions

MW (lb/lbmole)

CO Emissions

MW (lb/lbmole)

CH4 Emissions

Other Emissions

N2O Emissions

MW (lb/lbmole)

Return to InstructionsReturn to Instructions

Load 3:
Minimum 

Load:

8,917
(dscf/million Btu)

Fuel Factor, Fd

Standard for all flue gases.

Excess flue gas O2 is typically 15%.

Approximate for digestger gas with 60% methane.

15.64

359
(dscf/lbmole)

Flue Gas Volume, VM

(percent)

Flue Gas O2

Return to InstructionsReturn to Instructions
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Facility:

Part 13 - Prime Mover - Emissions Data

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

Jason Wiser w/ Jim LaRoche

Date:

Respondent:

4/5/2010

Return to InstructionsReturn to Instructions

Part 13 - Prime Mover - Emissions Data

44.01 16.04 44.01 28.01 46.01

% lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh

Full Rated 

Load:
100.0% 2.08 22.74 77.60 0.49 0.0002 0.0007 0.02 0.0000 0.0001 17.38 0.0667 0.2276

Intermediate 

Load 1:

Intermediate 

Load 2:

Intermediate 

Load 3:

Percent of 

Full Load

Load 

Description

Biogenic Emissions

CO2 Emissions

Greenhouse Gas Emissions

MW (lb/lbmole) MW (lb/lbmole)

NOx Emissions

MW (lb/lbmole)

CO Emissions

MW (lb/lbmole)

CH4 Emissions

Other Emissions

N2O Emissions

MW (lb/lbmole)

Return to InstructionsReturn to Instructions

Load 3:
Minimum 

Load:

8,917
(dscf/million Btu)

Fuel Factor, Fd

Standard for all flue gases.

Excess flue gas O2 is typically 15%.

Approximate for digestger gas with 60% methane.

15.64

359
(dscf/lbmole)

Flue Gas Volume, VM

(percent)

Flue Gas O2

Return to InstructionsReturn to Instructions
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Facility:

Part 1 - Summary of Prime Mover Electrical Output Part 2 - Description of CHP Prime Mover

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

5,406

Net Electrical Output

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Manufacturer:

CHP Prime Mover:

(% of Full Load) Solar

Combustion Gas Turbine (#3) Date:Electrical Output

(kW)

Plant Flow (MGD):

Digester Gas Capacity (scfm):100%

Mechanical Capacity (hp):

7,712

290

Jason Wiser

5/11/2009

Respondent:

Model Number:

Electrical Capacity (kW): 11,000

Mars 90

Installation Date: 1980's

Return to InstructionsReturn to Instructions

Part 3 - Prime Mover - Photograph Part 5 - Prime Mover and Appurtenant Equipment - Process Flow Diagram

Uptime 51.0%

Return to InstructionsReturn to Instructions

Part 4 - Prime Mover - System Description

The JWPCP has operated a combined cycle power plant since the 1970's.  As 

originally designed, the system consists of 3 Solar combustion gas turbines and a 

steam turbine.  Anaerobic digesters are heated by steam generated by the steam 

Return to InstructionsReturn to Instructions

Part 6 - Operation and Limitations

The steam turbine failed and was taken out of service in April 2008.  Design is underway to install a new steam turbine that will complete the combined cycle and 

add 8.7 MW of electrical output while providing steam for digester heating.  Digester-gas-fueled boilers currently provide heat to the anaerobic digestion process.  

Each turbine produces about 8.5 MW of electricity.  The JWPCP is energy self sufficient.

steam turbine.  Anaerobic digesters are heated by steam generated by the steam 

turbine.  A digester-gas-fired "reheat" boiler supplements combined cycle steam 

production by providing additional steam for digester heating.  The Mars 90 turbines 

have since been overhauled and are now rated for 11 MVA output.  Combustion gas 

turbine #1 was out of service for routine maintenance at the time that this case study 

was performed.  This data sheet evaluates turbine #2.  A seperate data sheet will 

evaluate turbine #3.  The system operates only at "full" output.

Return to InstructionsReturn to Instructions



Facility:

11,000Prime Mover Rated Output (kW)

Digester Gas LHV (Btu/ft3)

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

Respondent: Jason Wiser

580

Digester Gas HHV (Btu/ft3) 681

Date: 4/5/2010

Return to InstructionsReturn to Instructions

Part 7 - Prime Mover - Fuel Data

Part 8 - Prime Mover - Electrical Efficiency

Fuel Energy (kW)

110,436,533 32,358

Net Electrical EfficiencyElectrical Output (kW)

Intermediate Load 2:

31% 28%

Load Description Percent of Full Load

Intermediate Load 1:

Full Rated Load:

Load Description Percent of Full Load

100.0%

Digester Gas Flow (scfm)

94,071,360

Intermediate Load 1:

Intermediate Load 3:

8,678

Minimum Load:

Full Rated Load: 100.0%

Gross Electrical Efficiency

27,5632,703

Net Production (kW)

Based on Lower Heating Value (LHV) Based on Higher Heating Value (HHV)

Fuel Energy (Btuh) Fuel Energy (kW)Fuel Energy (Btuh)

Ancillary Loads (kW)

7,712966

Return to InstructionsReturn to Instructions

Part 9 - Prime Mover - Thermal Efficiency

Part 10 - Prime Mover - Total Efficiency

Intermediate Load 1:

Intermediate Load 3:
Minimum Load:

Intermediate Load 2:

Minimum Load:

Full Rated Load: 100.0%

Percent of Full Load Reheat Boiler (Btuh)HRSG (Btuh)Load Description Thermal EfficiencyThermal Recovery (Btuh)

Intermediate Load 2:

Intermediate Load 1:

Intermediate Load 3:

Return to InstructionsReturn to Instructions

Full Rated Load:

Intermediate Load 2:

100.0%

Intermediate Load 1:

Minimum Load:
Intermediate Load 3:

Load Description Percent of Full Load Total Efficiency

28%

Return to InstructionsReturn to Instructions



Facility:

Part 11 - Ancillary Equipment - Parasitic Loads

Part 12 - Non-Electricity-Consuming Ancillary Equipment - Details

Date:

Measured Load (kW)

Model:
Manufacturer:

Ancillary Equipment: Cooling Tower FanGas Compressor

Respondent:

4/5/2010

OtherCooling Tower Fan

Model Number:

Non-Electrical Equipment:

Manufacturer:

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Basis for Proportion

Measured Load (kW)

Total 

Proportioned 

Load (kW)

966

Jason Wiser

Measured Load (kW)

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Minimum Load:

Intermediate Load 3:

Basis for Proportion

Proportional Load (%)

Measured Load (kW)

Proportioned Load (kW)

Proportional Load (%)

Percent of Full Load

Proportioned Load (kW)

Proportioned Load (kW)

Intermediate Load 2:

Intermediate Load 1:

Full Rated Load:

Load Description

Measured Load (kW)

Basis for Proportion

Proportional Load (%)

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

100.0%

XHW-2451-HHE-V
Ingersoll Rand

746
Dedicated to CT

100

746

Per J. LaRoche

80

45

36 14936

80

186

Per J. LaRoche

80

45

Per J. LaRoche

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

Venturri Scrubber Digester Gas CoolerMist Eliminater

Return to InstructionsReturn to Instructions



Facility:

Part 13 - Prime Mover - Emissions Data

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

Jason Wiser

Date:

Respondent:

4/5/2010

Return to InstructionsReturn to Instructions

Part 13 - Prime Mover - Emissions Data

44.01 16.04 44.01 28.01 46.01

% lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh

Full Rated 

Load:
100.0% 1.50 16.40 55.96 0.36 0.0001 0.0005 0.01 0.0000 0.0001 17.08 0.0612 0.2089

Intermediate 

Load 1:

Intermediate 

Load 2:

Intermediate 

Load 3:

Percent of 

Full Load

Load 

Description

Biogenic Emissions

CO2 Emissions

Greenhouse Gas Emissions

MW (lb/lbmole) MW (lb/lbmole)

NOx Emissions

MW (lb/lbmole)

CO Emissions

MW (lb/lbmole)

CH4 Emissions

Other Emissions

N2O Emissions

MW (lb/lbmole)

Return to InstructionsReturn to Instructions

Load 3:
Minimum 

Load:

8,917
(dscf/million Btu)

Fuel Factor, Fd

Standard for all flue gases.

Excess flue gas O2 is typically 15%.

Approximate for digestger gas with 60% methane.

15.26

359
(dscf/lbmole)

Flue Gas Volume, VM

(percent)

Flue Gas O2

Return to InstructionsReturn to Instructions

 

Return to InstructionsReturn to Instructions



Facility:

Part 14 - Prime Mover and System - Carbon Foot Print Summary

kW hr/yr

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Respondent: Jason Wiser

Load Description

Net Electrical 

Output

Hours of 

Operation

Date: 4/5/2010

Joint Water Pollution Control Plant - Los Angeles County Sanitation District

MT CO /yr

Biogenic CO2 EmissionsNet Reportable CO2 OffsetCO2 Equivalent of N2O CO2 Equivalent of CH4 Equivalent CO2 OffsetPercent of 

Full Load

Net Electrical Output

MT CO /yrMWh/yr MT CO /yr MT CO /yr MT CO /yr

Return to InstructionsReturn to Instructions

kW hr/yr

100.0% 7,712 4,466

4,466

51.0%

MT CO2/yr

Minimum Load:

Intermediate Load 2:

Intermediate Load 3:

0.18Full Rated Load: 34,440 984

Intermediate Load 1:

MT CO2/yr

Total Hours of Operation:

Prime Mover Uptime:

MWh/yr MT CO2/yr MT CO2/yr MT CO2/yr

0.28 -13,731-13,731

Return to InstructionsReturn to Instructions

51.0%

310CO2e of N2O

lb CO2/MWh

Reference: 1996 IPCC Second Assessment Report

CO2e of CH4 Reference: 1996 IPCC Second Assessment Report21

Reference: eGRID - state of California, subregion CAMX879

Prime Mover Uptime:

Return to InstructionsReturn to Instructions



Evaluation of Combined Heat and Power Technologies for Wastewater Treatment Facilities 
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Appendix B:  Point Loma Wastewater Treatment Plant 

 

 

 

 



Facility:

Part 1 - Summary of Prime Mover Electrical Output Part 2 - Description of CHP Prime Mover Jason Wiser

5/16/2009

2,085

Net Electrical Output

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Manufacturer:

CHP Prime Mover:

(% of Full Load) CAT

Internal Combustion Engine Date:

Respondant:

Electrical Output

(kW)
1,896

2,300

G-3612TA

Mechanical Capacity (bhp):

Point Loma

Plant Flow (MGD):

Digester Gas Capacity (scfm):98%

2903,200

Model Number:

Electrical Capacity (kW):

Installation Date:

Return to InstructionsReturn to Instructions

Part 3 - Prime Mover - Photograph Part 5 - Prime Mover and Appurtenant Equipment - Process Flow Diagram

Uptime 94.0%

Return to InstructionsReturn to Instructions

Part 4 - Prime Mover - System Description

Anaerobic digesters produce about 3 million ft
3
/day of digester gas.  Digester gas is 

used to fuel two Caterpillar 3612 internal combustion engines.  The CHP system was 

installed in 1999.  Each engine has an electric generation capicity of about 2,300 kW.  

Return to InstructionsReturn to Instructions

Part 6 - Operation and Limitations

installed in 1999.  Each engine has an electric generation capicity of about 2,300 kW.  

At full load the engines operate at about 36% electrical efficiency.  At full output the 

engines consume about 1.8 million ft
3
/day of the produced digester gas.  The digester 

gas treatment and conditioning system consists primarily of particulate and moisture 

removal and compression to about 50 psig.
Excess digester gas is currently flared.  A project is underway to treat excess digester gas and convey it offsite for use in a fuel cell.  Strict air regulations in the 

San Diego area will not allow the installation of additional engine capacity at the plant.

Return to InstructionsReturn to Instructions

Page 4



Facility:

2,300Prime Mover Rated Output (kW)

Digester Gas HHV (Btu/ft3) 630

Digester Gas LHV (Btu/ft3) 568

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Point Loma

Respondant: Jason Wiser

Date: 5/16/2009

Return to InstructionsReturn to Instructions

Part 7 - Prime Mover - Fuel Data

Part 8 - Prime Mover - Electrical Efficiency

Net Electrical Efficiency

30%

Intermediate Load 1:

2,247

Minimum Load:

Electrical Output (kW)

Load Description Percent of Full Load

97.7%

Digester Gas Flow (scfm)

36%

Intermediate Load 3:

Full Rated Load:

Intermediate Load 2:

630

Load Description Percent of Full Load

Intermediate Load 1:

Full Rated Load: 97.7%

Gross Electrical Efficiency

Based on Lower Heating Value (LHV)

21,471,766

Based on Higher Heating Value (HHV)

Fuel Energy (Btuh) Fuel Energy (kW)Fuel Energy (Btuh) Fuel Energy (kW)

23,833,660 6,9836,291

Ancillary Loads (kW) Net Production (kW)

1,896351

Return to InstructionsReturn to Instructions

Part 9 - Prime Mover - Thermal Efficiency

Part 10 - Prime Mover - Total Efficiency

6,105,180 2,336,880

Intermediate Load 1:

Intermediate Load 3:
Minimum Load:

Intermediate Load 2:

Minimum Load:

Full Rated Load: 97.7%

Percent of Full LoadLoad Description Lube Oil (Btuh)Jacket Water (Btuh)Exhaust Heat (Btuh)

49%10,423,5001,981,440

Thermal EfficiencyThermal Recovery (Btuh)

Intermediate Load 2:

Intermediate Load 1:

Intermediate Load 3:

Return to InstructionsReturn to Instructions

Full Rated Load:

Intermediate Load 2:

97.7%

Intermediate Load 1:

Minimum Load:
Intermediate Load 3:

Load Description Percent of Full Load

79%

Total Efficiency

Return to InstructionsReturn to Instructions



Facility:

Part 11 - Ancillary Equipment - Parasitic Loads

Part 12 - Non-Electricity-Consuming Ancillary Equipment - Details

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Date:

Measured Load (kW)

Model:
Manufacturer:

Ancillary Equipment: Effluent Cooling PumpGas Compressor

Respondant:

5/16/2009

OtherChiller PumpGas Chiller

Model Number:

Non-Electrical Equipment:

Manufacturer:

Total 

Proportioned 

Load (kW)

351

Jason Wiser

50

184

92

Minimum Load:

Intermediate Load 3:

Basis for Proportion

Proportional Load (%)

Measured Load (kW)

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Measured Load (kW)

Intermediate Load 1:

Full Rated Load:

Load Description

Measured Load (kW)

Basis for Proportion

Proportional Load (%)

Measured Load (kW)

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

97.7%

Percent of Full Load

Proportioned Load (kW)

Proportioned Load (kW)

Intermediate Load 2:

127

50

253

100

42

42 389

100

3

100

89

Point Loma

Return to InstructionsReturn to Instructions



Facility:

Part 13 - Prime Mover - Emissions Data

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Point Loma

Jason Wiser

Date:

Respondant:

5/16/2009

Return to InstructionsReturn to Instructions

Part 13 - Prime Mover - Emissions Data

44.01 16.04 44.01 28.01 46.01

% lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh

Full Rated 

Load:
97.7% 130.00 0.1163 0.3969 9.38 0.0138 0.0470

Intermediate 

Load 1:

Intermediate 

Load 2:

Intermediate 

Load 3:

Percent of 

Full Load

Load 

Description

Biogenic Emissions

CO2 Emissions

Greenhouse Gas Emissions

MW (lb/lbmole) MW (lb/lbmole)

NOx Emissions

MW (lb/lbmole)

CO Emissions

MW (lb/lbmole)

CH4 Emissions

Other Emissions

N2O Emissions

MW (lb/lbmole)

Return to InstructionsReturn to Instructions

Load 3:
Minimum 

Load:

8,917
(dscf/million Btu)

Fuel Factor, Fd

Standard for all flue gases.

Excess flue gas O2 is typically 15%.

Approximate for digestger gas with 60% methane.

7.00

359
(dscf/lbmole)

Flue Gas Volume, VM

(percent)

Flue Gas O2

Return to InstructionsReturn to Instructions

 

Return to InstructionsReturn to Instructions



Facility:

Part 14 - Prime Mover and System - Carbon Foot Print Summary

kW hr/yr

Date: 5/16/2009

Point Loma

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Respondant: Jason Wiser

Equivalent CO2 OffsetPercent of 

Full Load
Load Description

Net Electrical 

Output

Hours of 

Operation
Biogenic CO2 EmissionsNet Reportable CO2 OffsetCO2 Equivalent of N2O CO2 Equivalent of CH4 

MT CO /yr

Net Electrical Output

MT CO /yrMWh/yr MT CO /yr MT CO /yr MT CO /yr

Return to InstructionsReturn to Instructions

kW hr/yr

97.7% 1,896 8,234

8,234

94.0%

MT CO2/yr

Minimum Load:

Intermediate Load 3:

Intermediate Load 2:

Full Rated Load: 15,608

Intermediate Load 1:

MT CO2/yr

Total Hours of Operation:

Prime Mover Uptime:

MWh/yr MT CO2/yr MT CO2/yr MT CO2/yr

-6,223-6,223

Return to InstructionsReturn to Instructions

94.0%

879

CO2e of N2O

lb CO2/MWh

Reference: 1995 IPCC Second Assessment Report

CO2e of CH4 Reference: 1995 IPCC Second Assessment Report

310

21

Reference: eGRID - state of California, subregion CAMX

Prime Mover Uptime:

Return to InstructionsReturn to Instructions



Facility:

Part 1 - Summary of Prime Mover Electrical Output Part 2 - Description of CHP Prime Mover

Installation Date:

Point Loma

Plant Flow (MGD):

Digester Gas Capacity (scfm):87%

2903,200

Model Number:

Electrical Capacity (kW):

Date:

Respondant:

Electrical Output

(kW)
1,661

2,300

G-3612TA

Mechanical Capacity (bhp):

Jason Wiser

5/16/2009

2,085

Net Electrical Output

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Manufacturer:

CHP Prime Mover:

(% of Full Load) CAT

Internal Combustion Engine

Return to InstructionsReturn to Instructions

Part 3 - Prime Mover - Photograph Part 5 - Prime Mover and Appurtenant Equipment - Process Flow Diagram

Uptime 94.0%

Return to InstructionsReturn to Instructions

Part 4 - Prime Mover - System Description

Anaerobic digesters produce about 3 million ft
3
/day of digester gas.  Digester gas is 

used to fuel two Caterpillar 3612 internal combustion engines.  The CHP system was 

installed in 1999.  Each engine has an electric generation capicity of about 2,300 kW.  

Return to InstructionsReturn to Instructions

Part 6 - Operation and Limitations

installed in 1999.  Each engine has an electric generation capicity of about 2,300 kW.  

At full load the engines operate at about 36% electrical efficiency.  At full output the 

engines consume about 1.8 million ft
3
/day of the produced digester gas.  The digester 

gas treatment and conditioning system consists primarily of particulate and moisture 

removal and compression to about 50 psig.
Excess digester gas is currently flared.  A project is underway to treat excess digester gas and convey it offsite for use in a fuel cell.  Strict air regulations in the 

San Diego area will not allow the installation of additional engine capacity at the plant.

Return to InstructionsReturn to Instructions



Facility:

Date: 5/16/2009

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Point Loma

Respondant: Jason Wiser

568

Digester Gas HHV (Btu/ft3) 630

Digester Gas LHV (Btu/ft3)

2,300Prime Mover Rated Output (kW)

Return to InstructionsReturn to Instructions

Part 7 - Prime Mover - Fuel Data

Part 8 - Prime Mover - Electrical Efficiency

1,661351

Based on Lower Heating Value (LHV) Based on Higher Heating Value (HHV)

Fuel Energy (Btuh) Fuel Energy (kW)Fuel Energy (Btuh)

Ancillary Loads (kW)

5,773578

Net Production (kW)

Full Rated Load: 87.5%

Gross Electrical Efficiency

Intermediate Load 1:

Intermediate Load 3:

2,012

Minimum Load:

Load Description Percent of Full Load

87.5%

Digester Gas Flow (scfm)

19,704,140

Load Description Percent of Full Load

Intermediate Load 1:

Full Rated Load:

Intermediate Load 2:

35% 29%

Net Electrical EfficiencyElectrical Output (kW)

Fuel Energy (kW)

21,871,595 6,408

Return to InstructionsReturn to Instructions

Part 9 - Prime Mover - Thermal Efficiency

Part 10 - Prime Mover - Total Efficiency

Intermediate Load 3:

Intermediate Load 2:

Intermediate Load 1:

Load Description

53%10,423,5001,981,440

Thermal EfficiencyThermal Recovery (Btuh)Jacket Water (Btuh)Exhaust Heat (Btuh) Lube Oil (Btuh)

Intermediate Load 2:

Minimum Load:

Full Rated Load: 87.5%

Percent of Full Load

Intermediate Load 3:
Minimum Load:

2,336,880

Intermediate Load 1:

6,105,180

Return to InstructionsReturn to Instructions

Total Efficiency

82%

Minimum Load:
Intermediate Load 3:

Load Description Percent of Full Load

Full Rated Load:

Intermediate Load 2:

87.5%

Intermediate Load 1:

Return to InstructionsReturn to Instructions



Facility:

Part 11 - Ancillary Equipment - Parasitic Loads

Part 12 - Non-Electricity-Consuming Ancillary Equipment - Details

Point Loma

100

3

100

89

389127

50

253

100

42

42

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

87.5%

Percent of Full Load

Proportioned Load (kW)

Proportioned Load (kW)

Intermediate Load 2:

Intermediate Load 1:

Full Rated Load:

Load Description

Measured Load (kW)

Basis for Proportion

Proportional Load (%)

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Minimum Load:

Intermediate Load 3:

Basis for Proportion

Proportional Load (%)

Measured Load (kW)

Proportioned Load (kW)

Proportional Load (%)

Measured Load (kW)

Total 

Proportioned 

Load (kW)

351

Jason Wiser

Measured Load (kW)

50

184

92

Model Number:

Non-Electrical Equipment:

Manufacturer:

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Basis for Proportion

Respondant:

5/16/2009

OtherChiller PumpGas Chiller

Date:

Measured Load (kW)

Model:
Manufacturer:

Ancillary Equipment: Effluent Cooling PumpGas Compressor

Return to InstructionsReturn to Instructions



Facility:

Part 13 - Prime Mover - Emissions Data

Jason Wiser

Date:

Respondant:

5/16/2009

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Point Loma

Return to InstructionsReturn to Instructions

Part 13 - Prime Mover - Emissions Data

44.01 16.04 44.01 28.01 46.01

% lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh

Full Rated 

Load:
87.5% 264.30 0.3310 1.1297 18.54 0.0381 0.1302

Intermediate 

Load 1:

Intermediate 

Load 2:

Intermediate 

Load 3:

MW (lb/lbmole)

CH4 Emissions

Other Emissions

N2O Emissions

MW (lb/lbmole)MW (lb/lbmole) MW (lb/lbmole)

NOx Emissions

MW (lb/lbmole)

CO Emissions

Biogenic Emissions

CO2 Emissions

Greenhouse Gas Emissions

Percent of 

Full Load

Load 

Description

Return to InstructionsReturn to Instructions

Load 3:
Minimum 

Load:

(dscf/lbmole)
Flue Gas Volume, VM

(percent)

Flue Gas O2

8,917
(dscf/million Btu)

Fuel Factor, Fd

Standard for all flue gases.

Excess flue gas O2 is typically 15%.

Approximate for digestger gas with 60% methane.

11.00

359

Return to InstructionsReturn to Instructions

 

Return to InstructionsReturn to Instructions



Facility:

Part 14 - Prime Mover and System - Carbon Foot Print Summary

kW hr/yr MT CO /yrMWh/yr MT CO /yr MT CO /yr MT CO /yr

Net Electrical Output Biogenic CO2 EmissionsNet Reportable CO2 OffsetCO2 Equivalent of N2O CO2 Equivalent of CH4 Equivalent CO2 OffsetPercent of 

Full Load

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Respondant: Jason Wiser

Load Description

Net Electrical 

Output

Hours of 

Operation

Date: 5/16/2009

Point Loma

MT CO /yr

Return to InstructionsReturn to Instructions

kW hr/yr

87.5% 1,661 8,234

8,234

94.0%

MT CO2/yr

Total Hours of Operation:

Prime Mover Uptime:

MWh/yr MT CO2/yr MT CO2/yr MT CO2/yr

-5,452Full Rated Load: 13,673

Intermediate Load 1:

-5,452

Intermediate Load 3:

Minimum Load:

Intermediate Load 2:

MT CO2/yr

Return to InstructionsReturn to Instructions

94.0%Prime Mover Uptime:

21

Reference: eGRID - state of California, subregion CAMX879

CO2e of N2O

lb CO2/MWh

Reference: 1995 IPCC Second Assessment Report

CO2e of CH4 Reference: 1995 IPCC Second Assessment Report

310

Return to InstructionsReturn to Instructions
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Appendix C:  Lancaster Water Reclamation Plant 

 

 

 

 



Facility:

Part 1 - Summary of Prime Mover Electrical Output Part 2 - Description of CHP Prime Mover Jason Wiser

5/13/2009

140

Net Electrical Output

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Manufacturer:

CHP Prime Mover:

(% of Full Load) Ingersol Rand

Microturbine Date:

Respondant:

Electrical Output

(kW)
180

250

MT 250

Mechanical Capacity (hp):

Lancaster Water Reclamation Plant

Plant Flow (MGD):

Digester Gas Capacity (scfm):100%

15

Model Number:

Electrical Capacity (kW):

Installation Date: 4/1/2005

Return to InstructionsReturn to Instructions

Part 3 - Prime Mover - Photograph Part 5 - Prime Mover and Appurtenant Equipment - Process Flow Diagram

Uptime 69.9%

Return to InstructionsReturn to Instructions

Part 4 - Prime Mover - System Description

The Lancaster WRP's anaerobic digesters produce about 202,000 ft
3
/day of digester 

gas.  A portion of the gas is converted to renewable energy by the microturbine 

demonstration project.  The project consists of a 250-kW Ingersoll-Rand microturbine 

Return to InstructionsReturn to Instructions

Part 6 - Operation and Limitations

Evaluation is at average conditions.  System is not normally operated with heat recovery.  Operators prefer to use digester-gas-fueled boiler for anaerobic 

digester heating.  According to LACSD staff, the microturbine is output is derated to about 200 kW primarily due to site elevation.  Warm summertime 

temperatures can also cause the microturbine to under perform.  At the time of the site the microturbine was producing about 180 kW at full load.

demonstration project.  The project consists of a 250-kW Ingersoll-Rand microturbine 

and has been operational since March 2005.  

Return to InstructionsReturn to Instructions



Facility:

250Prime Mover Rated Output (kW)

Digester Gas HHV (Btu/ft3) 670

Digester Gas LHV (Btu/ft3) 560

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Lancaster Water Reclamation Plant

Respondant: Jason Wiser

Date: 4/5/2010

Return to InstructionsReturn to Instructions

Part 7 - Prime Mover - Fuel Data

Part 8 - Prime Mover - Electrical Efficiency

Net Electrical Efficiency

30%

Intermediate Load 1:

180

Minimum Load:

Electrical Output (kW)

Load Description Percent of Full Load

100.0%

Digester Gas Flow (scfm)

30%

Intermediate Load 3:

Full Rated Load:

Intermediate Load 2:

62

Load Description Percent of Full Load

Intermediate Load 1:

Full Rated Load: 100.0%

Gross Electrical Efficiency

Based on Lower Heating Value (LHV)

2,069,760

Based on Higher Heating Value (HHV)

Fuel Energy (Btuh) Fuel Energy (kW)Fuel Energy (Btuh) Fuel Energy (kW)

2,476,320 726606

Ancillary Loads (kW) Net Electricity Production 

180

Return to InstructionsReturn to Instructions

Part 9 - Prime Mover - Thermal Efficiency

Part 10 - Prime Mover - Total Efficiency

363,125

Intermediate Load 1:

Intermediate Load 3:
Minimum Load:

Intermediate Load 2:

Minimum Load:

Full Rated Load: 100.0%

Percent of Full LoadLoad Description Exhaust Heat (Btuh)

18%363,125

Thermal EfficiencyThermal Recovery (Btuh)

Intermediate Load 2:

Intermediate Load 1:

Intermediate Load 3:

Return to InstructionsReturn to Instructions

Full Rated Load:

Intermediate Load 2:

100.0%

Intermediate Load 1:

Minimum Load:
Intermediate Load 3:

Load Description Percent of Full Load

47%

Total Efficiency

Return to InstructionsReturn to Instructions



Facility:

Part 11 - Ancillary Equipment - Parasitic Loads

Part 12 - Non-Electricity-Consuming Ancillary Equipment - Details

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Date:

Measured Load (kW)

Model:
Manufacturer:

Ancillary Equipment: Gas CompressorGas Dryer

Respondant:

4/5/2010

Chiller Pump

Model Number:

Non-Electrical Equipment:

Manufacturer:

Total 

Proportioned 

Load (kW)

Jason Wiser

Minimum Load:

Intermediate Load 3:

Basis for Proportion

Proportional Load (%)

Measured Load (kW)

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Measured Load (kW)

Intermediate Load 1:

Full Rated Load:

Load Description

Measured Load (kW)

Basis for Proportion

Proportional Load (%)

Measured Load (kW)

Proportioned Load (kW)
Basis for Proportion

Proportional Load (%)

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

100.0%

Percent of Full Load

Proportioned Load (kW)

Proportioned Load (kW)

Intermediate Load 2:

Ingersoll RandPioneer

Single prime mover

100

Single prime mover

100

Lancaster Water Reclamation Plant

Return to InstructionsReturn to Instructions



Facility:

Part 13 - Prime Mover - Emissions Data
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Part 13 - Prime Mover - Emissions Data

44.01 16.04 44.01 28.01 46.01

% lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh ppm lb/million Btu lb/MWh

Full Rated 

Load:
100.0% 2.57 28.09 95.88 1.60 0.0066 0.0225 1.60 0.0108 0.0369

Intermediate 

Load 1:

Intermediate 

Load 2:

Intermediate 

Load 3:

MW (lb/lbmole)

CH4 Emissions

Other Emissions

N2O Emissions

MW (lb/lbmole)MW (lb/lbmole) MW (lb/lbmole)

NOx Emissions

MW (lb/lbmole)

CO Emissions

Biogenic Emissions

CO2 Emissions

Greenhouse Gas Emissions

Percent of 

Full Load

Load 

Description

Return to InstructionsReturn to Instructions

Load 3:
Minimum 

Load:

(dscf/lbmole)
Flue Gas Volume, VM

(percent)

Flue Gas O2

8,917
(dscf/million Btu)

Fuel Factor, Fd

Standard for all flue gases.

Excess flue gas O2 is typically 15%.

Approximate for digestger gas with 60% methane.

17.96

359
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Part 14 - Prime Mover and System - Carbon Foot Print Summary

kW hr/yr MT CO /yrMWh/yr MT CO /yr MT CO /yr MT CO /yr

Net Electrical Output Equivalent CO2 OffsetPercent of 

Full Load
Load Description

Net Electrical 

Output

Hours of 

Operation
Biogenic CO2 EmissionsNet Reportable CO2 OffsetCO2 Equivalent of N2O CO2 Equivalent of CH4 

MT CO /yr

Date: 4/5/2010

Lancaster Water Reclamation Plant

Digester-Gas-Fueled Combined Heat and Power Performance Data Sheet

Respondant: Jason Wiser
Return to InstructionsReturn to Instructions

kW hr/yr

100.0% 180 6,122

6,122

69.9%

MT CO2/yr

Total Hours of Operation:

Prime Mover Uptime:

MWh/yr MT CO2/yr MT CO2/yr MT CO2/yr

-439-439 48

Intermediate Load 1:

Intermediate Load 2:

Full Rated Load: 1,102

Intermediate Load 3:

Minimum Load:

MT CO2/yr

Return to InstructionsReturn to Instructions

69.9%Prime Mover Uptime:

21

Reference: eGRID - state of California, subregion CAMX879

CO2e of N2O

lb CO2/MWh

Reference: 1995 IPCC Second Assessment Report

CO2e of CH4 Reference: 1995 IPCC Second Assessment Report

310

Return to InstructionsReturn to Instructions



Evaluation of Combined Heat and Power Technologies for Wastewater Treatment Facilities 
 

 
D 

Appendix D:  Internal Combustion Engine 

 

 



GAS GENERATOR SET            
 

 
 
 

 
Image shown may not reflect actual package 

LOW ENERGY FUEL
CONTINUOUS 
1600 ekW / 2000 kVA
60 HZ   1200 RPM    480 VOLTS

Caterpillar is leading the power generation  

marketplace with Power Solutions engineered

to deliver unmatched flexibility, expandability,
  

  
 

BENEFITS 

EMISSIONS CAT ® G3520C GAS ENGINE
• Meets most worldwide emissions requirements      • Robust high speed diesel block design
  down to .5 g/bhp-hr NOx level without        provides prolonged life and lower owning
  aftertreatment        operating costs

     • Designed for maximum performance on 
FULL RANGE OF ATTACHMENTS        low pressure gaseous fuel supply
• Wide range of bolt-on system expansion      • Simple open chamber combustion system
  attachments, factory designed and tested        for reliability and fuel flexibility
• Flexible packaging options for easy and cost      • Leading edge technology in ignition system
  effective installation        and air/fuel ratio control for lower emission

       and engine efficiency
PROVEN SYSTEM      • One electronic control module handles all 
• Fully protype tested        engine functions: ignition, governing, air/fuel
• Field proven in a wide range of applications        ratio control and engine protection
   worldwide      
• Certified torsional vibration analysis available CAT SR4B GENERATOR

     • Designed to match performance and output
WORLDWIDE PRODUCT SUPPORT        characteristics of Caterpillar gas engines
• Caterpillar® dealers provide extensive post sales      • Industry leading mechanical and electrical 
   support including maintenance and repair        design
   agreement      • High efficiency
• Caterpillar dealers have over 1,600 dealer branch  
   stores operating in 200 countries CAT  EMCP II+ CONTROL PANEL
• CAT® S.O.S SM program cost effectively detects      • Simple user friendly interface and navigation
   internal engine component condition, even the      • Digital monitoring, metering and protection setting
   presence of unwanted fluids and combustion      • Fully-featured power metering and protective relaying
   by-products      • UL 508A Listed
      • Remote control and monitor capability options
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Continuous 1600 ekW 2000 kVA 60 Hz 1800 RPM 480V            
 
Factory Installed Standard & Optional Equipment 
 

System Standard Optional
Gas Engine Control Fuel/air ratio control;

Module (GECM) Start/stop logic: gas purge cycle, staged shutdown;
Engine Protection System: detonation sensitive timing,
high exhaust temperature shutdown;
Governor: Transient richening and turbo bypass control;
Ignition.    

Air Inlet Two element, single-stage air cleaner with enclosure and Air cleaner with precleaner;  Mounting stand
service indicator

Control Panel EMCP II+ Local alarm module; Remote annuciator;
 Communications Module (PL1000T, PL1000E) 
 Synchronizing module; Engine failure relay

Cooling Engine driven water pumps for jacket water and aftercooler; coolant level drain line with valves, fan with guard;
Jacket water and SCAC thermostats; Inlet/Outlet connections.
ANSI/DN customer flange connections for JW inlet and outlet  
Cat flanges on SCAC circuit  

Exhaust Dry exhaust manifolds, insulated and shielded; Flange; Exhaust expander; Elbow; Flexible fitting;
Center section cooled turbocharger with Cat flanged outlet; Muffler and spark-arresting muffler with companion
Individual exhaust port and turbocharger outlet wired to flanges.
Integrated Temperature Sensing Module (ITSM) with GECM
providing alarms and shutdowns.

Fuel Electronic fuel metering valve; Fuel filter; 
Throttle plate, 24V DC actuator, controlled by GECM; Gas pressure regulator;
Fuel system is sized for 10.8 to 25.6 MJ/NM3 (275 to 650 Gas shutoff valve, 24V, ETR (Energized-To-Run)
Btu/cu ft) dry pipeline natural gas with pressure of 10.0 to 34.5
kPa (1.5 to 5 psi) to the engine fuel control valve. 

Generator SR4B generator, includes: Medium and high voltage generators and attachments; 
Caterpillar's Digital Voltage Regulator (CDVR) with 3-phase Low voltage extension box; Cable access box;
sensing and KVAR/PF control;  Reactive droop; Air filter for generator; Bearing temperature detectors;
Bus bar connections; Winding temperature detectors; Manual voltage control; European bus bar.
Anti-condensation space heater.

Governing Electronic speed governor as part of GECM; Woodward load sharing module
Electronically-controlled 24V DC actuator connected to
throttle shaft.

Ignition Electronic Ignition System controlled by GECM;
Individual cylinder Detonation Sensitive Timing (DST)

Lubrication Lubricating oil; Gear type lube oil pump; Oil filter, filler and dipstOil level regualtor; Prelube pump; 
Integral lube oil cooler; Oil drain valve; Crankcase breather. Positive crankcase ventilation system

Mounting 330 mm structural steel base (for low and medium voltage units);
Spring-type anti-vibration mounts (shipped loose)

Starting / Charging 24V starting motors;  Battery with cables and rack (shipped looCharging alternator; Battery charger;
Battery disconnect switch; Oversized battery; Lacket water heater; 
60A, 24V charging alternator (standard on 60Hz 1800rpm only)

General Paint -- Caterpillar Yellow except rails & radiators; Crankcase explosion relief valve; 
Damper guard. Engine barring group; 
Operation and Maintenance Manuals; Parts Book. EEC D.O.I and other certifications

LEXE0009-00  2  



  Continuous 1600 ekW 2000 kVA 60 Hz 1800 RPM 480V            
 

SPECIFICATIONS
CAT GAS ENGINE CAT EMCPII+ CONTROL PANAL
G3520C SCAC 4-stroke-cycle watercooled gas engine       • Power by 24 volts DC
Number of Cylinders ------------------------------------------- V20      • NEMA 12, IP44 dust-proof enclosure
Bore --- mm (in) ------------------------------------------------- 170 (6.7)      • Lockable hinged door
Stroke --- mm (in) ----------------------------------------------- 190 (7.5)      • Single-location customer connection
Displacement --- L (cu in) ------------------------------------ 86.3 (5266)      • Auto start/stop control switch
Compression Ratio -------------------------------------------- 11.3:1      • Voltage adjustment potentiomenter
Aspiration ---------------------- Turbocharged Separate Circuit Aftercooled      • True RMS AC metering, 3 phase
Cooling Type ------- Two stage aftercooler, JW + O/C + A/C 1 combined      • Purge cycle and staged shutdown logic
Fuel System ------------------------------------------------------ Low Pressure      • Digital indication for:
Governor Type -------------------------------------------  Electronic (ADEM ™ III)               RPM

              Operating hours
CAT SR4B GENERATOR               Oil pressure
Frame size -------------------------------------------------------- 868               Coolant temperature
Excitation ------------------------------------------------------ Permanent Magnet               DC voltage
Pitch ---------------------------------------------------------------- 0.75               L-L  volts, L-N volts, phase amps, Hz,
Number of poles ------------------------------------------------ 6               ekW, kVA, kVAR, kWhr, %kW, pf
Number of bearings ------------------------------------------- 2               System diagnostic codes
Number of leads ------------------------------------------------ 6       • Shutdown with indicating lights;
Insulation --------------------------------------------------------- Class H               Low oil pressure
IP rating ------------------------------------------------------------ Drip proof IP22               High coolant temperature
Alignment --------------------------------------------------------- Pilot shaft               High oil temperature
Overspeed capability -- % of rated ------------------------- 125%               Overspeed
Waveform deviation line to line, no load ------------------ less than 3.0%               Overcrank
Paralleling kit droop transformer --------------------------- Standard               Emergency stop
Voltage regulator ------------------------------------------------ CDVR               High inlet air temperature (for TA engine only)
Voltage level adjustment ------------------------------------- +/- 5.0%               Detonation sensitive timing (for LE engine only)
Voltage regulation, steady state ---------------------------- +/- 0.5%        • Programmable protective relaying functions:
Voltage regulation with 3% speed change -------------- +/- 0.5%               Under / Over voltage
Telephone Influence Factor (TIF) --------------------------- less than 50               Under / Over frequency
                Overcurrent

              Reverse power
Consult your Caterpillar dealer for available voltage         • Spare indicator LEDs

        • Spare alarm/shutdown inputs 
 
 
 
 

Materials and specifications are subject to change without notice.
The International System of Units (SI) is used in this publication. 
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  Continuous 1600 ekW 2000 kVA 60 Hz 1800 RPM 480V           
 
 

TECHNICAL DATA 
 

G3520C Gas Generator Set DM 5859 DM 5860
   
     Emission level (NOx) mg/Nm3              g/bhp-hr  440                1.0  220              0.5
     Aftercooler SCAC  (Stage 2) Deg C                    Deg F  54                130  54               130
Package Performance (1)  
    Power Rating @ 0.8 pf  (w/ 2 water pumps and w/o fan)     ekW   Continuous 1600 1600
    Power Rating @ 0.8 pf  (w/ 2 water pumps and w/o fan)     kVA   Continuous 2000 2000
    Power Rating @ 1.0 pf  (w/ 2 water pumps and w/o fan)     ekW   Continuous 1613 1613
    Electric Efficiency @ 1.0 pf   (ISO 3046/1)    (2) % 39.7% 38.9%
    Mechanical Power  (w/ 2 water pumps and w/o fan)     bkW                      bhp  1665           2233  1665        2233
Fuel Consumption   (3)  
    100% load w/o fan Nm3/hr                scf/hr 812          30 390 832          31 115
     75% load w/o fan Nm3/hr                scf/hr 639         23 898  647          24 214
     50% load w/o fan Nm3/hr                scf/hr 435          16 236  461            17 247
Altitude Capability   (4)
    At 25 Deg C (77 Deg F) ambient, above sea level  M                          ft 880            2888 420             1378
Cooling System  
   Ambient air temperature Deg C                    Deg F 25                77 25                77
   Jacket water temperature ( Maximum outlet ) Deg C                    Deg F 110               230 110               230
Exhaust System  
    Combustion air inlet flow rate  Nm3/min            SCFM 112            4317 117             4512
    Exhaust stack gas temperature Deg C                    Deg F 488              910 481              898
    Exhaust gas flow rate Nm3/min            CFM 121         12 063   127         12 476
    Exhaust flange size ( internal diameter )  mm                         in 360               14 360                14
Heat Rejection  (5)  
    Heat rejection to jacket water  and oil cooler and AC - Stage kW                   Btu/min 907          51 594 926          52 669
    Heat rejection to AC - Stage 2 kW                   Btu/min 153             8675 156              8895
    Heat rejection to exhaust  (LHV to 350 Deg F) kW                   Btu/min 994          56 564 1011          57 574
    Heat rejection to exhaust  (LHV to 120 Deg C) kW                   Btu/min 1176          66 938 1201         68 360
    Heat rejection to atmosphere from engine kW                   Btu/min 127                7210 127               7210
    Heat rejection to atmosphere from generator kW                   Btu/min 66.7             3797 66.7            3797
Generator  
    Frame  868 868
   Temperature rise Deg C                    Deg F 105         221 105         221
    Motor starting capability @ 30% voltage dip (6) skVA 4079 4079
Lubrication System  
    Standard sump refill with filter change L                         gal 541           143 541               143
Emissions  (7)
    NOx @ 5% O2 (dry) mg/Nm3           g/bhp-hr 440              1.0 220               0.5
    CO @ 5% O2 (dry) mg/Nm3           g/bhp-hr 1100             2.5 1100              2.5
    THC @ 5% O2 (dry) mg/Nm3           g/bhp-hr 2522           5.56 2601             5.84
    NMHC @ 5% O2 (dry) mg/Nm3           g/bhp-hr 379            0.84 391               0.88
    Exhaust  O2  (dry)  % 8.7 9
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      Continuous 1600 ekW 2000 kVA 60 Hz 1800 RPM 480V     
 
 
DEFINITIONS AND CONDITIONS

(1) Continuous --- Maximum output available for an unlimited time

      Ratings are based on pipeline natural gas having a Low Heat Value
      (LHV) of 18 MJ/NM3 (456 Btu/ft3) and 120 Caterpillar Methane Number. 
      For values in excess of altitude, ambient temperature, inlet/exhaust restriction, 
      or different from the conditions listed, contact your local Caterpillar dealer. 

(2) Efficiency of standard generator is used. For higher efficiency generators, contact 
      your local Caterpillar dealer. 

(3) Ratings and fuel consumption are based on ISO3046/1 standard reference conditions of 
     25 deg C (77 deg F) of ambient temperature and 100 kPa (29.61 in Hg) of total barometic 
     pressure, 30% relative humidity with 0, +5% fuel tolerance. 

(4) Altitude capability is based on 2.5 kPa air filter and 5.0 kPa exhaust stack restrictions. 

(5) Heat Rejection --- Values based on nominal data with fuel tolerence of +/-2.5% and 
     2.5 kPa inlet and 5.0 kPa exhaust restrictions. 

(6) Assume synchronous driver

(7) Emissions data measurements are consistent with those described in EPA CFR
     40 Part 89 Subpart D & E and ISO8178-1 for measuring HC, CO, PM, NOx. Data shown
     is based on steady state engine operating conditions of 25 deg C (77 deg F), 96.28 kPa
     (28.43 in Hg) and fuel having a LHV of 35.6 MJ/NM3 (905 Btu/cu ft) and 80 Caterpillar 
     Methane Number at 101.60 kPa (30.00 in Hg) absolute and 0 deg C (32 deg F). 
     Emission darta shown is subject to instrumentation, measurement, facility, and engine
     fuel system adjustment. 
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Continuous 1600 ekW 2000 kVA 60 Hz 1800 RPM 480V     
 
 
 
DIMENSIONS

 

Package Dimensions
Length    6367.1 mm         250.67 in     Note:  Do not use for installation design.
Width          1996.5 mm 78.60 in                   See general dimension drawings
Height    2465.1 mm 97.05 in                   for detail  ( Drawing #  267-7367 ).
Est. Shipping Weight 18 350 kg 40 455 lb

Performance Number: DM5859, DM5860
Feature Code: 520GE38
Generator Argt: 158-6422
Source US Sourced

29-Jan-09

 
 
 
 
 

Information contained in this publication may be considered confidential. Discretion is recommended when distributing.  
Materials and specifications are subject to change without notice.  

CAT, CATERPILLAR, their respective logos, “Caterpillar Yellow” and the POWER EDGE trade dress, as well as corporate and 
product identity used herein, are trademarks of Caterpillar and may not be used without permission.  
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The case for waste to energy:  
Utilizing low-Btu reciprocating 
gas engine generators

>	White paper�
	 By Keith Packham, Gas Applications Manager
	 Energy Solutions Business Unit
	 Cummins Power Generation, Ramsgate, England

Synopsis

With the development  of large reciprocating generator sets 
that can run reliably on alternative fuels such as low-Btu 
(i.e. dilute) methane, landfills, waste treatment plants, coal 
mining facilities and other sources of waste fuel now have 
a way to harness these “free” energy sources.  Low-Btu 
reciprocating generator sets use proven technology to 
produce significant amounts of power from fuels that would 
otherwise be vented to the atmosphere, including methane, 
a “greenhouse gas” that has been implicated in global 
warming. This paper outlines the process for determining 
waste-to-energy site suitability, reviews the maintenance 
issues and technology answers related to contaminants 
often found in methane, and cites several working waste-
to-energy installations as examples of installed waste-to-
energy applications.

Methane’s vast global potential

While the exploitation of methane gas for power production 
from municipal landfills, waste digesters, coal seams 
and coal mines has been ongoing for several decades, 
it has been limited to sites with the most favorable 
economic conditions.  However, developments in recent 
years have focused more attention on this valuable and 
environmentally advantageous energy source:

• Recognition of methane as a potent “greenhouse”  
gas that may be exacerbating the buildup of heat  
in Earth’s atmosphere.

• Recognition of naturally occurring methane and 
sewage/landfill methane as a valuable energy  
resource that can be converted into usable electricity, 
thereby offsetting some uses of coal and oil for  
electric power generation.

• Development of reciprocating engine generator 
systems that are especially designed to burn dilute 
methane gas mixtures while mitigating some of 
the maintenance and engine wear issues that have 
complicated earlier applications.

Globally, methane from landfills, sewage treatment plants 
and coal mines represents a vast natural resource that 
can be economically converted to usable electricity.  

In Europe alone, the European Commission estimates 
that landfills there produce upwards of 94 billion cubic 
meters of methane each year.  In the US, the EPA has 
estimated that landfills could provide more than two 
quadrillion Btus of energy per year.  Currently in the 
US, there are approximately 400 operational landfill-
to-energy projects and another 600 candidate landfills 

Our energy working for you.™



• Reciprocating engines operating on methane have 
been successful in meeting emissions regulations 
without exhaust aftertreatment.

Determining site suitability

The usual starting point in deciding whether a particular 
landfill or methane source is suitable for waste-to-
energy production is a gas analysis.  This analysis will 
not only reveal the concentration and volume potential 
of the methane, it will also identify the various possible 
contaminants in the gas that may require pretreatment or 
increase engine maintenance requirements.  See Figure 1.

Our energy working for you.™
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suitable for energy production, according to the EPA’s 
Landfill Methane Outreach Program.

Methane from coal beds and mines represents another 
source to be tapped for energy production.  In the US 
alone, estimates of methane production from coal beds 
amount to 37 billion cubic meters per year.

The expanding role of reciprocating 	
engine generators

Reciprocating engine generator systems are far and 
away the most popular technology being employed 
today for producing electricity from natural and man-
made sources of methane gas.  While combustion 
turbines are the second most popular technology 
for harnessing landfill methane, reciprocating engine 
generators outnumber turbines and other methods 
by about three times according to the US EPA 
(Environmental Protection Agency). Some of the reasons 
that reciprocating engine generators dominate the 
existing applications are:

• The gaseous fueled reciprocating engine is a mature 
technology with a number of global manufacturers and 
an efficient supply and service infrastructure.

• New low-Btu engine designs are able to operate at 
full rated horsepower with a dilute mixture of only 40 
percent methane and above, and they can operate at 
a slightly derated output with dilutions of only 30 - 40 
percent methane.

• Reciprocating engine generator technology is 
significantly less expensive on an installed cost-per-
kilowatt basis than combustion turbine technology.

• While not totally immune, reciprocating engine 
generators are more tolerant of impurities and 
contaminants in methane from landfills and coal seams 
— such as water vapor, ammonia, sulfur and siloxanes.

• Reciprocating engine generators operate at higher 
electrical efficiencies than turbines and require less 
complicated methane collection and pressurizing 
systems.  While some other technologies such as 
Stirling cycle engines, fuel cells and organic Rankin cycle 
engines also operate at high efficiencies, and show 
some tolerance to siloxanes, they have been limited to 
experimental sites due to their high initial costs.

ppm
molecular	

weight constant ppm

H2S 15 34 22.4 23

Si 20 28 22.4 25

NOx 150 46 22.4 308

Cl 20 70.91 22.4 63

Fl 1.5 37.99 22.4 3

mg/Nm3
molecular	

weight constant mg/Nm3

H2S 1000 34 22.4 659

Si 20 28 22.4 16

NOx 21 46 22.4 10

Cl 70.91 22.4 0

Fl 37.99 22.4 0

Figure 1:  A typical landfill gas analysis showing concentrations of the  
contaminants hydrogen sulfide, silicon, nitrogen oxide, chlorine 
and fluorine in parts per million and milligrams per cubic meter.

If the level of methane concentration is 45 percent or 
above, then a reciprocating engine generator designed 
to run on dilute methane can be expected to generate 
its full nameplate power output.  If the methane 
concentration drops to between 30 and 40 percent, 
the engine-generator will be capable of producing 
something less than full power.

The approximate volume of gas required by a typical 
low-Btu engine generator system is expressed as:

CH4 Volume = 0.28 cubic meters/hour per kWe x (100 ÷ CH4%)

This formula is not precise because it is based on 
pipeline-quality natural gas, and engine efficiency falls 
as the percentage of non-combustible components 
in the fuel gas increase.  However, it allows a quick 
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assessment of the gas volume needed for any given 
engine size.  When the project appears to be moving 
forward, specific software programs are used to obtain 
the actual heating value of the gas.  This allows the 
determination of the actual engine efficiency and the 
actual volume of gas required.  These figures are used to 
determine the detailed design of the gas delivery system 
(wells, pumps, filtering and pretreatment). 

Contaminants determine maintenance 	
intervals, costs

Considerable time is spent in analyzing the contaminants 
in the landfill gas, because the volume and makeup of 
the contaminants have implications for the frequency 
and extent of engine maintenance schedules.  The 
purpose of the analysis is to clarify economic risks and 
to share this information with all the parties involved in 
the project.

The gas must be analyzed on a regular (weekly) 
basis, and the results shared with all the parties.  As 
the contaminant levels change over time, associated 
operating costs will also change.  The agreement 
between the parties must define who is financially 
responsible for changes in operating or maintenance 
costs when the gas content changes. 

Typical contaminants in landfill and coal bed methane 
include:

• Silicon (in the form of siloxanes). When present in 
landfill gas, siloxanes can plate out on the internal 
surfaces of the engine’s combustion chamber as 
silicates to a thickness of up to several millimeters. 
Silicon also enters the lubricating oil causing high 
wear rates.  Siloxane presents a serious maintenance 
problem when present in the gas stream.

• Sulfur (in the form of hydrogen sulfide). When present 
in high concentrations, it will deposit in the engine, 
contaminate the lubricating oil and interfere with 
catalyst systems in the exhaust system (if used).

• Ammonia. Common in sewage treatment methane and 
some landfills, ammonia will corrode certain metals, 
such as copper in engine cooling systems or bearings.

• Other contaminants such as water vapor, particulates, 
halogens and acids will contaminate engine-lubricating 
oil.  They vary with the types of materials in the landfill.

Low-Btu engines from Cummins Power Generation 
are designed to be tolerant of many of the typical 
contaminants found in landfill gas — especially 
siloxane, ammonia and acids.  Since Cummins Power 
Generation power systems are compliant with current 
UK emissions regulations without the need for catalytic 
exhaust aftertreatment systems, sulfur content of 
the methane does not usually present a serious 
maintenance problem.

To combat problems that may arise from contaminants, 
Cummins Power Generation has developed several 
technologies that help to minimize maintenance and 
engine overhauls.  These technologies include:

• Patented carbon cutting ring – The Cummins low-
Btu engine used in landfill applications has a special 
floating “carbon cutting ring” inset at the top of the 
cylinder wall in each combustion chamber.  The ring 
serves to break up deposits of carbon and silicates, 
extending the time between major engine overhauls 
and rendering the engine less prone to siloxane 
problems than other designs.

• FCD (ferrous cast ductile) cast iron pistons – Cummins 
uses FCD cast iron pistons in its low-Btu engines for 
extended durability when operating on contaminated 
landfill gas.  They are significantly more durable than 
aluminum alloy pistons.

• Bearing materials – The engine bearings are 
manufactured from materials that are less susceptible to 
corrosion from ammonia and acids in the gas stream.

• Charge air cooler – Normally made of copper for the 
best heat conduction, the vulnerable materials are 
coated with a phenolic resin to protect them from 
corrosion.  In extremely corrosive environments, the 
copper may be replaced with stainless steel.

• Engine-lubricating oil – The lubricating oil is generally 
designed to be more alkaline than typical engine oil 
to extend the time between oil changes.  In general, 
the lubricating oil is specifically designed for each 
application, depending on the nature and quantity of 
contaminants in the gas stream.
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Landfill, coal seam and 	
digester gas projects

Cummins Power Generation has been involved in a 
number of waste-to-energy projects in the US, the UK  
and elsewhere in the world.  Three recent projects 
illustrate how the methane from a landfill, a coal 
seam and a garbage digester have been put to useful 
purposes.

Viridor landfill project produces electricity

Viridor Waste Management, one of the UK’s largest 
operators of municipal landfills, manages a 193-acre 
site east of Edinburgh, Scotland.  Viridor uses two 
low-Btu gas generator sets from Cummins Power 
Generation to produce 3.5 MW of electricity from 
the methane created by decaying rubbish.  As the 
landfill grows and methane production increases, two 
additional generator sets will be installed to produce a 
total of 7 MW.

Canary Islands garbage digester earns 	
biogas-derived electricity premium

The Salto del Negro municipal waste treatment plant 
in the Canary Islands processes garbage collected 
from Las Palmas de Gran Canaria, a city of 380,000.  
Some of the waste is processed in a digester which 
produces methane gas.  The gas is used, in turn 
to fuel a pair of generators from Cummins Power 
Generation that produce both electricity and heat in a 
combined heat and power (CHP) system.

Australian coal seam methane powers local grid

In Moronbah, Queensland, methane from a large coal 
deposit is being collected, processed and piped to the 
city of Townsville farther up the Australian coast.  To 
power the processing plant, Cummins Power Generation 
supplied a 12 MW turnkey power station to Ergon 
Energy.  The Moranbah generating plant produces 
electrical energy for its own coal processing facility 
and sells excess power to the local grid. 
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Viridor municipal  landfill —  Edinburgh, Scotland

Salto del Negro garbage digester —
Las Palmas de Gran Canaria, Canary Islands

Moronbah coal seam methane power plant —
Queensland, Australia
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Business team on the design, installation 
and operation of gas fuelled energy 

About The Author plants.  He has been involved with the design, installation, 
maintenance, and operational aspects of combined heat 
and power (CHP) plants, boiler plants for steam or hot 
water, power generation and distribution, refrigeration, 
water and effluent treatment plants and their optimum 
performance. He holds a bachelor’s degree in Energy 
Engineering from Southbank University in England.

Conclusions

Waste-to-energy projects that utilize methane from 
landfills, waste digesters and coal beds are generating a 
significant amount of electric energy for global customers, 
thus displacing energy that is generated from non-
renewable fossil sources that produce carbon dioxide 
and contribute to global warming.  In addition, by utilizing 
methane for energy production, these systems eliminate 
emissions of greenhouse gas that is at least 20 times 
more powerful than carbon dioxide in promoting global 
warming.  The vast majority of waste-to-energy projects 
use low-Btu reciprocating engine generators to produce 
electricity from methane.  These engine-generator 
systems have proven to be environmentally clean, reliable, 
durable and economical in a wide variety of landfill, 
garbage digester and coal bed methane projects. 

For additional technical support, please contact your 
local Cummins Power Generation distributor.  To locate 
your distributor, visit www.cumminspower.com.



Model: C2000 N6C

Frequency: 60 Hz

Fuel Type: Low BTU

Emissions Performance NOx: 0.5 g/hp-h 

LT Water Inlet Temperature: 50
o
C (122

o
F)

HT Water Outlet Temp: 103
o
C (217

o
F)

See Note
100% of Rated 

Load

90% of Rated 

Load

75% of Rated 

Load

50% of Rated 

Load

2,4,6,7 5398 (18.44) 4918 (16.8) 4216 (14.4) 3083 (10.53)

2,4,7 39.1% 38.6% 37.6% 34.7%

2,4,6,7 37.1% 36.6% 35.6% 32.4%

Engine

Engine Manufacturer

Engine Model

Configuration

Displacement, L (cu.in)

Aspiration

Gross Engine Power Output, kWm (hp)

BMEP, bar (psi)

Bore, mm (in)

Stroke, mm (in)

Rated Speed, rpm

Piston Speed, m/s (ft/min)

Compression Ratio

Lube Oil Capacity, L (qt)

Overspeed Limit, rpm

Regenerative Power, kW

Full Load Lubricating oil consumption, g/kWe-hr (g/hp-hr)

Fuel
Gas supply pressure to engine inlet, bar (psi)

Minimum Methane Index

Starting System(s)
Electric starter voltage, volts

Minimum battery capacity @ 40 deg.C (104 deg.F), AH

Air Starter Pressure, barg (psig)

Air Starter Flow Nm
3
/s (scfm)

Genset Dimensions (see note 1)
Genset Length, m (ft)

Genset Width, m (ft)

Genset Height, m (ft)
Genset Weight (wet), kg (lbs)

1514

91.6 (5591)

Turbocharged (1)

2108 (2826)

18.5 (268)

180 (7.09)

200 (7.87)

QSV91G

V18

MSP - 1039

PTS - 269

0500-5093

Cummins

Measured Sound Performance Data Sheet:

Prototype Test Summary Data:

Remote Radiator Cooling Outline:

 

10 (1968

12.5

550 (581)

1800

N/A

0.4 (0.3)

7.12 (23.4)

.15-.20 (2.2-2.9)

10.3 (150)

76

24

780

20705 (45,644)

2.16 (7.1)

2.78 (9.1)

Fuel Consumption (ISO3046/1)

Fuel Consumption (LHV) ISO3046/1, kW (MMBTU/hr)

Mechanical Efficiency ISO3046/1, percent

Electrical Efficiency ISO3046/1, percent

0.37 (780)

Generator set data sheet

2000 kW continuous
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See 

Notes

Energy Data

Continuous Shaft Power, kWm (bhp) 2,10 2108 (2826) 1900 (2546) 1586 (2126) 1071 (1436)

Continuous Generator Electrical Output kWe 6,10

Heat Dissipated in Lube Oil Cooler, kW (MMBTU/h) 5 271 (0.92) 252 (0.86) 237 (0.81) 204 (0.70)

Heat Dissipated in Block, kW (MMBTU/h) 5 595 (2.03) 519 (1.77) 479 (1.63) 425 (1.45)

Total Heat Rejected in LT Circuit, kW (MMBTU/h) 5 175 (0.60) 161 (0.55) 134 (0.46) 104 (0.35)

Total Heat Rejected in HT Circuit, kW (MMBTU/h) 5 1263 (4.31) 1101 (3.76) 939 (3.20) 704 (2.40)

Unburnt, kW (MMBTU/h) 13 149 (0.51) 132 (0.45) 112 (0.38) 76 (0.26)

Heat Radiated to Ambient, kW (MMBTU/h) 13 389 (1.33) 356 (1.21) 305 (1.04) 231 (0.79)

Available Exhaust heat to 105C, kW (MMBTU/h) 5 1505 (5.13) 1449 (4.94) 1273 (4.34) 1011 (3.45)

Intake Air Flow

Intake Air Flow Mass, kg/s (lb/hr) 4 3.39 (26848) 3.02 (23909) 2.54 (20145) 1.75 (13894)

Intake Air Flow Volume, m3/s @ 0
o
C (scfm) 4 2.62 (5854) 2.33 (5213) 1.97 (4393) 1.36 (3030)

Maximum Air Cleaner Restriction, mmHG (in H2O) 22.07 (11.8) 22.07 (11.8) 22.07 (11.8)

Exhaust Air Flow

Exhaust Gas Flow Mass, kg/s (lb/hr) 4 3.51 (27771) 3.12 (24742) 2.63 (20859) 1.82 (14407)

Exhaust Gas Flow Volume, m3/s (cfm) 4 7.18 (15212) 6.48 (13727) 5.60 (11856) 4.08 (8638)

Exhaust Temperature After Turbine, 
o
C (

o
F) 2 451 (843) 460 (860) 478 (892) 519 (966)

Max Exhaust System Back Pressure, mmHG (in H2O) 6,14 37.3 (20.0) 37.3 (20.0) 37.3 (20.0) 37.3 (20.0)

Min Exhaust System Back Pressure, mmHG (in H2O) 6,14 18.7 (10.0)

HT Cooling Circuit

HT Circuit Engine Coolant Volume, l (gal) 424 (112) 424 (112) 424 (112) 424 (112)

HT Coolant Flow @ Max Ext Restriction, m
3
/h (gal/min) 70 (308) 70 (308) 70 (308) 70 (308)

Maximum HT Engine Coolant Inlet Temp, 
o
C (

o
F) 8 75 (167) 75 (167) 75 (167) 75 (167)

HT Coolant Outlet Temp, 
o
C (

o
F) 8 92 (198) 92 (198) 92 (198) 92 (198)

Max Pressure Drop in External HT Circuit, bar (psig) 1.5 (22) 1.5 (22) 1.5 (22) 1.5 (22)

HT Circuit Maximum Pressure, bar (psig) 6.0 (87) 6.0 (87) 6.0 (87) 6.0 (87)

Minimum Static Head, bar (psig) 0.5 (7) 0.5 (7) 0.5 (7) 0.5 (7)

LT Cooling Circuit

LT Circuit Engine Coolant Volume, l (gal) 295 (78) 295 (78) 295 (78) 295 (78)

LT Coolant Flow @ Max Ext Restriction, m
3
/h (gal/min) 50.00 (220) 50.00 (220) 50.00 (220) 50.00 (220)

Maximum LT Engine Coolant Inlet Temp, 
o
C (

o
F) 9 50 (122) 50 (122) 50 (122) 50 (122)

LT Coolant Outlet Temp, oC (
o
F) Reference Only 9 52.4 (126) 52.2 (126) 51.9 (125) 51.5 (125)

Max Pressure Drop in External LT Circuit, bar (psig) 1.5 (22) 1.5 (22) 1.5 (22) 1.5 (22)

LT Circuit Maximum Pressure, bar (psig) 6.0 (87) 6.0 (87) 6.0 (87) 6.0 (87)

Minimum Static Head, bar (psig) 0.5 (7) 0.5 (7) 0.5 (7) 0.5 (7)

Emissions

NOx Emissions wet, ppm 5

NOx Emissions, mg/Nm
3 

@5% O2
 
(g/hp-h) 5 243 (0.50) 242 (0.50) 239 (0.50) 225 (0.50)

THC Emissions wet, ppm 13

THC Emissions, mg/Nm
3 

@5% O2
 
(g/hp-h) 13 2857 (6.23) 2857 (6.23) 2857 (6.23) 2857 (6.23)

CH4 Emissions wet, ppm 13

CH4 Emissions, mg/Nm
3 

@5% O2
 
(g/hp-h) 13 2029 (4.46) 2023 (4.45) 2004 (4.49) 1948 (4.65)

NMHC Emissions wet, ppm 13

NMHC Emissions, mg/Nm
3 

@5% O2
 
(g/hp-h) 13 109 (0.23) 108 (0.23) 108 (0.23) 109 (0.23)

CO Emissions (dry), ppm 13

CO Emissions, mg/Nm
3 

@5% O2
 
(g/hp-h) 13 1002 (2.20) 984 (2.17) 951 (2.13) 850 (2.03)

O2 Emissions (dry), percent 13

Particulates PM10, g/hp-h 13

100% of Rated 

Load

90% of Rated 

Load

75% of Rated 

Load

50% of Rated 

Load

2000 1800 1500 1000

77 77 77 74

<0.03 <0.03 <0.03 <0.03

2000 2000 2000 2000

580 572 558 515

1825 1827 1828 1825

175 173 172 175

7.3 7.3 7.3 7.3

22
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Genset De-rating
Altitude and Temperature Derate Multiplication Factor

In Hg mbar Feet Meters

20.7 701 9843 3000

21.4 723 9022 2750

22.1 747 8202 2500 0.75 0.75

22.8 771 7382 2250 0.80 0.80

23.5 795 6562 2000 0.85 0.85 0.75

24.3 820 5741 1750 0.90 0.90 0.80

25.0 846 4921 1500 0.95 0.95 0.85 0.75

25.8 872 4101 1250 1.00 1.00 0.90 0.80

26.6 899 3281 1000 1.00 1.00 0.95 0.85 0.75

27.4 926 2461 750 1.00 1.00 1.00 0.90 0.80

28.3 954 1640 500 1.00 1.00 1.00 0.95 0.85

29.1 983 820 250 1.00 1.00 1.00 1.00 0.90

29.5 995 492 150 1.00 1.00 1.00 1.00 0.95 0.75

30.0 1012 0 0 1.00 1.00 1.00 1.00 1.00 0.80

°C 20 25 30 35 40 45 50 55 60
°F 68 77 86 95 104 113 122 131 140

In Hg mbar Feet Meters

20.7 701 9843 3000

21.4 723 9022 2750 100% 90% 75% 50%

22.1 747 8202 2500 0.75 0.75 76 n/A n/a n/a

22.8 771 7382 2250 0.80 0.80

23.5 795 6562 2000 0.85 0.85 0.75

24.3 820 5741 1750 0.90 0.90 0.80

25.0 846 4921 1500 0.95 0.95 0.85 0.75

25.8 872 4101 1250 1.00 1.00 0.90 0.80

26.6 899 3281 1000 1.00 1.00 0.95 0.85 0.75

27.4 926 2461 750 1.00 1.00 1.00 0.90 0.80

28.3 954 1640 500 1.00 1.00 1.00 0.95 0.85

29.1 983 820 250 1.00 1.00 1.00 1.00 0.90

29.5 995 492 150 1.00 1.00 1.00 1.00 0.95 0.75

30.0 1012 0 0 1.00 1.00 1.00 1.00 1.00 0.80

°C 20 25 30 35 40 45 50 55 60

°F 68 77 86 95 104 113 122 131 140

In Hg mbar Feet Meters

20.7 701 9843 3000 1.11 1.13 1.14 1.15 1.17 1.18 1.19 1.20 1.22

21.4 723 9022 2750 1.10 1.12 1.13 1.14 1.15 1.17 1.18 1.19 1.21

22.1 747 8202 2500 1.09 1.10 1.12 1.13 1.14 1.16 1.17 1.18 1.20

22.8 771 7382 2250 1.08 1.09 1.11 1.12 1.13 1.14 1.16 1.17 1.18

23.5 795 6562 2000 1.07 1.08 1.09 1.11 1.12 1.13 1.15 1.16 1.17

24.3 820 5741 1750 1.06 1.07 1.08 1.10 1.11 1.12 1.14 1.15 1.16

25.0 846 4921 1500 1.05 1.06 1.07 1.09 1.10 1.11 1.12 1.14 1.15

25.8 872 4101 1250 1.04 1.05 1.06 1.07 1.09 1.10 1.11 1.13 1.14

26.6 899 3281 1000 1.02 1.04 1.05 1.06 1.08 1.09 1.10 1.12 1.13

27.4 926 2461 750 1.01 1.03 1.04 1.05 1.07 1.08 1.09 1.10 1.12

28.3 954 1640 500 1.00 1.02 1.03 1.04 1.05 1.07 1.08 1.09 1.11

29.1 983 820 250 0.99 1.00 1.02 1.03 1.04 1.06 1.07 1.08 1.10

29.5 995 492 150 0.99 1.00 1.01 1.03 1.04 1.05 1.06 1.08 1.09

30.0 1012 0 0 0.98 0.99 1.01 1.02 1.03 1.05 1.06 1.07 1.08

°C 20 25 30 35 40 45 50 55 60

°F 68 77 86 95 104 113 122 131 140

4. Multiply the result of step 2 by 

the result of step 3 to obtain the 

heat rejection at your altitude and 

temperature.

Multiplier for HT & LT Heat Rejection  vs Alt & Temp.

Heat Rejection Factor (altitude and ambient)  for HT and LT Circuits

Air Filter Inlet Temperature

1. Determine derate multiplier vs. 

temperature derate per above.

2. Using the multiplier from #1 

above as the percent load factor 

determine the Heat rejection from 

the previous page.

3. From Table C find the HT and LT 

circuit  multiplier.

LT & HT Circuit Heat 

Rejection Calculation

Derate Multiplier Off Grid (Island or Load Share)

Air Filter Inlet Temperature

Barometer Altitude Table C

* Based on SAE standard ambient pressure vs. altitude. Assumes LT return temperature is 10C above air filter 

inlet.

Air Filter Inlet Temperature

Barometer Altitude Table B *

* Based on SAE standard ambient pressure vs. altitude. Assumes LT return temperature is 10C above air filter 

inlet.

Barometer Altitude Table A *

Derate Multiplier with Grid Parallel Operation

4. Altitude is based upon SAE 

standard ambient pressure vs. 

altitude. For low barometric 

conditions add 150m (500 ft) to site 

altitude.

Methane Number Capability

Load (Percent of Rated)

Temperature & Altitude Derate

1. Determine derate multiplier vs. 

temperature and altitude in Table A 

or B depending upon your operating 

condition.

2. Assumes the LT return 

temperature is 10 deg C above the 

air filter inlet with a maximum LT 

temperature of 50 deg C.

3. If the LT temperature exceeds 50 

deg C, consult factory for 

recommendations.
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Alternator Data

Voltage Range

Connection 

Configuration

Temp Rise 

Degrees C

  Duty
11    

Cycle 

Single Phase 

Factor

Maximum 

Surge kVA12

Alternator   

Data Sheet

Feature 

Code

380 Wye, 3 Phase 105 C N/A 7960 515 B597-2

416-480 Wye, 3 Phase 80 C N/A 9700 517 B587-2

416-480 Wye, 3 Phase 105 C N/A 8400 516 B654-2

416-480 Wye, 3 Phase 125 C N/A 7200 515 B627-2

480 Wye, 3 Phase 80 C N/A 8400 516 B653-2

480 Wye, 3 Phase 105 C N/A 7200 515 B583-2

600 Wye, 3 Phase 80 C N/A 8250 516 B589-2

600 Wye, 3 Phase 105 C N/A 7200 515 B582-2

4160 Wye, 3 Phase 80 C N/A 6300 518 B590-2

12470-13800 Wye, 3 Phase 80 C N/A 8000 523 B591-2

12470-13800 Wye, 3 Phase 105 C N/A 6800 522 B484-2

13200-13800 Wye, 3 Phase 105 C N/A 5000 521 B657-2

13800 Wye, 3 Phase 80 C N/A 6800 522 B565-2

Notes
1) Weights and set dimesions represent a generator set with its standard features only. See outline drawing for other configurations.

2) At ISO3046 reference conditions, altitude 1013 mbar (30in Hg), air inlet temperature 25
o
C (77

o
F)

3) Nominal performance ± 2 1/2%.

4) According to ISO 3046/I with fuel consumption tolerance of +5% / -0% 

5) Production variation/tolerance ±20%.

6) At electrical output of 1.0 Power Factor.

7) Based on gas with LHV of 16Mj/Nm3 (400BTU/SCF)

8) Outlet temperature controlled by thermostat. Inlet temperature for reference only.

9) Inlet temperature controlled by thermostat, outlet temperature for reference only.

10) With engine driven coolant pump.

11) Standby (S), Prime (P), Continuous ( C)

12) Maximum rated starting kVA that results in minimum of 90% of rated sustained voltage during starting.

13) Tolerance +/- 15%

14) Exhaust system back pressure is a rated load and will decrease at lower loads.

Applicable for supplying power continuously to a constant load up to the full 

output rating for unlimited hours. No sustained overload capability is available 

for this rating. Consult authorized distributor for rating. (Equivalent to 

Continuous Power in accordance with ISO8528, ISO3046, AS2789, DIN6271, and 

BS5514). This rating is not applicable to all generator set models.

Continuous Rating 

Definition

Cummins Power Generation Cummins Power Generation Cummins Power Generation 
1400 73

rd
 Avenue NE Manston Park, Columbus Avenue 8 Tanjong Penjuru 

Minneapolis, MN  55432 USA Manston, Ramsgate Singapore 609019 
Telephone: 763 574 5000 Kent CT12 5BF, UK Telephone: +65 265-0155 
Fax: 763 574 5298 Telephone: +44 (0) 1843-255000 Fax: +65 264-0664 or 265-6909 
Web: www.cumminspower.com Fax: +44 (0) 1843-255902 Email: mktg@sing.cummins.com 
 Email: cpg.uk@cummins.com Web: www.cumminspower.com 
 Web: www.cumminspower.com  
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Natural gas generator 
set QSV91 series 
engine  
 

 

Description 
This Cummins Power Generation gas generator set 
is a fully integrated power generation system 
utilizing state of the art technology that results in 
optimum performance and efficient use of fuel for 
continuous duty, CHP, peaking and low BTU 
applications. 

 

This generator set is designed in 
facilities certified to ISO 9001 and 
manufactured in facilities certified to 
ISO 9001 or ISO 9002. 

 

The Prototype Test Support (PTS) 
program verifies the performance 
integrity of the generator set design.  

  

  

  

Features 
Exhaust emissions – Lean burn technology provides 
exhaust emissions levels as low as 250 mg/Nm3 (0.5 g/hp-hr) 
NOx. 
Cummins® heavy-duty engine – Rugged 4-cycle lean burn 
gas combustion engine utilizing full authority electronic engine 
management and monitoring. 

Permanent magnet generator (PMG) – Offers enhanced 
motor starting and fault clearing short circuit capability. 

Alternator – Several alternator sizes offer selectable voltage 
and temperature rise with low reactance 2/3 pitch windings; 
low waveform distortion with non-linear loads, fault clearing 
short-circuit capability, class F or H insulation (see Alternator 
Data Sheet for details), bearing and stator RTDs and anti-
condensation heater. Mechanically strengthened for use on 
utility paralleling with unreliable grid. 

Control system – The PowerCommand 3.3 generator set 
control is standard equipment and provides total genset 
system integration including full paralleling capability in grid or 
load share mode, precise frequency and voltage regulation, 
alarm and status message display, AmpSentry™ protection, 
output metering, auto-shutdown at fault detection and a user 
interface panel installed onto the genset.  Optional remote 
operator panels are also available. 

Cooling system – The generator set is equipped with the 
capability of interfacing with a remote radiator or heat 
exchanger. 

Warranty and service – Backed by a comprehensive    
warranty and worldwide distributor network that can provide all 
levels of service from replacements parts to performance 
guarantee programs. 

50 Hz 60 Hz 
New 

 Model 
Old 

Model kW Configuration 
New 

Model 
Old 

Model kW Configuration 
    C1250 N6C GQNA 1250 6 pole direct drive 

C1540 N5C GQNA 1540 4 pole direct drive C1540 N6C None 1540 4 pole alternator through gearbox 
C1750 N5C GQNB 1750 4 pole direct drive C1750 N6C GQPB 1750 4 pole alternator through gearbox 
C2000 N5C GQNC 2000 4 pole direct drive C2000 N6C GQPC 2000 4 pole alternator through gearbox 

*Genset is capable of operating between 0.8 lagging and 1.0 power factor. All fuel consumption and heat balance data is at 1.0 power factor. 

1250 kW - 2000 kW 
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Generator set specifications 

Governor regulation class 
ISO 8528 Part 1, Class G1 with exceptions - see PTS (Prototype 
Test Support) Data Sheet 

Voltage regulation, no load to full load  ± 0.5% 
Random voltage variation ± 0.5% 
Frequency regulation Isochronous 
Random frequency variation ± 0.25% 
Radio frequency emissions compliance IEC 801.2 through IEC 801.5; MIL STD 461C, Part 9 
Single step load pickup See PTS data sheet for details 

Engine specifications 
Design 4 cycle, V-block, turbocharged low temperature aftercooled 
Bore 180 mm (7.09 in) 
Stroke 200 mm (7.87 in) 
Displacement 91.6 liters (5590 in3) 
Cylinder block Cast iron, V18 
Battery charging alternator None 
Starting voltage 24 volt negative ground 
Fuel system Lean burn 
Ignition system Individual coil on plug 
Air cleaner type Dry replaceable element 
Lube oil filter type(s) Full flow and bypass filters 
Breather Breather filter 

Alternator specifications 
Design Brushless, 4 pole, revolving field 
Stator 2/3 pitch 
Rotor Two bearing 
Insulation system Class F or H see ADS (Alternator Data Sheet) for details 
Standard temperature rise 105 °C (221 °F) Continuous @ 40 °C (104 °F) ambient 
Exciter type PMG (Permanent Magnet Generator) 
Phase rotation A (U), B (V), C (W) 
Alternator cooling Direct drive centrifugal blower fan 
AC waveform total harmonic distortion < 5% no load to full linear load, < 3% for any single harmonic 
Telephone influence factor (TIF) < 50 per NEMA MG1-22.43 
Telephone harmonic factor (THF) < 3 

 

Available voltages 
60 Hz  Three phase line–neutral/line-line                                 50 Hz  Three phase line–neutral/line-line 
• 240/416 
• 2400/4160 

• 254/440 
• 7200/12470 
 

• 277/480 
• 7620/13200 

• 347/600 
• 7970/13800 

• 220/380 
• 1905/3300 
• 6060/10500 

• 230/400 
• 3640/6300 
• 6350/11000 

• 240/415 
• 3810/6600 

• 254/440 
• 5775/10000 
 

Note: Some voltages may not be available on all models. Consult factory for availability. 

Generator set options and accessories 
Engine 

 NOX 250 mg/Nm3 (0.5 g/hp-hr)  
 NOx 350 mg/Nm3 (0.9 g/hp-hr)  
 NOx 500 mg/Nm3 (1.2 g/hp-hr) 
 Natural gas fuel methane index 
as low as 52 for some models  

 High temperature cooling circuit 
outlet up to 110 °C   (230 °F) 

 Air starter 
 Low BTU Gas  

Alternator 
 80 °C (176 °F) rise alternator  
 105 °C (221 °F) rise alternator 

Generator set 
 CE Certification 

Control panel 
 Remote operator panel with 
HMI320 

 Remote operator panel with 
HMI420  

Accessories 
 Exhaust silencers  
 Gas Train 
 Radiators  
 Bladder Expansion Tank  
 Heat Exchanger  
 Exhaust Heat Recovery  

 

 
Note: Some options may not be available on all models - consult factory for availability. 
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PowerCommand® 3.3 control system  

 
PowerCommand control system is a microprocessor-
based genset monitoring, metering and control system 
designed to meet the demands of today’s engine driven 
gensets. The integration of all control functions into a 
single control system provides enhanced reliability and 
performance, compared to conventional genset control 
systems. These control systems have been designed and 
tested to meet the harsh environment in which gensets 
are typically applied.  Major features include: 

- AmpSentry™ protection providing a full range of 
alternator protection functions matched to the 
alternator provided. 

- Extended Paralleling (Peak Shave/Base Load) 
regulates the genset real and reactive power output 
while paralleled to the utility.  Power can be regulated 
at either the genset or utility bus monitoring point. 

- Digital frequency synchronization and voltage 
matching. 

- Isochronous Load Share 
- Droop KW and KVAR Control 
- Real time clock for fault and event time stamping. 
- Real time clock for start/stop to initiate a test with or 

without load, or a Base Load or Peak Shave session. 
- Digital voltage regulation.  Three phase full wave FET 

type regulator. 
- Genset/Engine monitoring and protection. 
- Utility/AC Bus metering and protection 
- Modbus® interface for interconnecting to customer 

equipment. 

Operator/display panel 
- Auto/Manual/Run/Stop mode selectors 
- Alpha-numeric display with pushbutton access for 

viewing engine and alternator data and providing 
setup, controls and adjustment 

- Circuit breaker position indication and manual control 
- 320 x 240 pixels graphic LED backlight LCD. 
- Multiple language support 

Engine Protection 
- Engine vitals - oil temperature and pressure, coolant 

temperature and levels 
- Derate 
- Configurable alarm and status inputs 
- Emergency stop 
- Low and high battery voltage warning  
- Weak battery warning 
 
 
 
 
 
 

 

- Dead battery shutdown 
- Fail to start (overcrank) shutdown 
- Fail to crank shutdown  
- Cranking lockout 

Engine Data 
- Oil temperature and pressure 
- Coolant temperature and pressure, HT and LT 
- Intake manifold pressure and temperature 
- Exhaust temperature and pressure 
- Engine electronics temperature and DC voltage 
- Gas inlet and downstream pressures, mass flow rate, 

and control valve position 
- Spark advance and knock level/count, per cylinder 
- Lube oil status, priming status 
- Oil and engine heater status 
- Start system status 
- Compressor and compressor bypass status 
- Auxiliary power supply status 

AmpSentry™ alternator protection 
- Overcurrent and short circuit shutdown 
- Single and three phase fault current regulation 
- Over and under voltage shutdown 
- Over and under frequency shutdown 
- Overload warning and load shed alarm output 
- Reverse power and Var shutdown 
- Excitation fault 

Alternator data 
- AC voltage, line-to-line and line-to-neutral 
- Three phase AC current 
- Frequency 
- Total and individual phase power factor, kW and KVA 
- Alternator heater status 
- Winding and bearing temperatures 

Other data 
- Genset hardware data 
- Data logs – operational data  
- Fault history – up to 32 events 
- Start attempts, starts, running hours, kW hours 
- Engine data – operational data, monitored status 

functions, auxiliary system inputs, etc.   
- Service adjustments - operational, customer 

configurable set up, calibration, etc. 

Paralleling data, functions and protection  
- Genset and Utility/AC Bus Source AC Metering 
- First Start SensorTM System  
- Active Digital phase lock loop synchronizer 
- Sync check 
- Isochronous kW and kVAR load share controls 
- kW import/export and kVAR/PF control for extended 

utility (mains) paralleling 
- Multiple Genset Load Demand control 
- Power Transfer Control 
- Breaker Control and status monitoring/warning 
- Inputs for remote kW and kVAR control 
 
 
For further detail on PowerCommand™ 3.3 see 
document S-1570 
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Base load (continuous) rating definition 
Applicable for supplying power continuously to a constant 
load up to the full output rating for unlimited hours.  No 
sustained overload capability is available for this rating.  
Consult authorized distributor for rating. (Equivalent to 
Continuous Power in accordance with ISO 8528, ISO 3046, 
AS2789, DIN6271, and BS5514).  

Generator set data sheets 

60 Hz low BTU 

60 Hz pipeline gas 50 Hz pipeline gas  

Dimensions and weights 

Model 
Dim “A” 
mm (in) 

Dim “B” 
mm (in) 

Dim “C” 
mm (in) 

Weight♦ wet 
kg (lbs) 

C1250 N6C 5971 (235.1) 1720 (67.7) 3136 (123.5) 17595 (38709) 
C1540 N6C 7302 (287.5) 1720 (67.7) 3136 (123.5 20829 (45823) 
C1750 N6C 7302 (287.5) 1720 (67.7) 3136 (123.5) 21069 (46449) 
C2000 N6C 7138 (281.2) 2158 (85.0) 2772 (109.1) 20900 (46077) 
C1540 N5C 5603 (220.6) 1720 (67.7) 3136 (123.5) 17057 (38515) 
C1750 N5C 5921 (233.1) 1720 (67.7) 3136 (123.5) 19633 (43192) 
C2000 N5C 6065 (238.8) 2158 (85.0) 2772 (109.1) 20457 (45100) 
♦ Weights represent a set with standard features.  See outline drawings for weights of other configurations. 

Americas 
1400 73rd Avenue N.E. 
Minneapolis, MN 55432 USA 
Phone 763 574 5000  
USA toll-free 877 769 7669 
Fax 763 574 5298 

Europe, CIS, Middle East and Africa 
Manston Park Columbus Ave. 
Manston Ramsgate 
Kent CT 12 5BF   United Kingdom 
Phone 44 1843 255000 
Fax 44 1843 255902 

Asia Pacific 
10 Toh Guan Road #07-01 
TT International Tradepark 
Singapore 608838 
Phone 65 6417 2388 
Fax 65 6417 2399 

Warning: Back feed to a utility system can cause electrocution and/or property damage. Do not connect to any building’s electrical system 
except through an approved device or after building main switch is open. 

Model 
Data 
sheet CR* 

Emissions 
g/hp-hr 

LT 
(°C) 

HT 
(°C)        

C1750 N6C D-3364 11.4:1 500 50 103        
C1750 N6C D-3365 12:1 500 50 103        

50 Hz low BTU        

Model 
Data 
sheet CR* 

Emissions 
mg/NM³ 

LT 
(°C) 

HT 
(°C)        

C1540 N5C D-3468 12:1 500 50 103        
C1750 N5C D-3362 11.4:1 500 50 103        
C1750 N5C D-3363 12:1 500 50 103        

Model 
Data 
sheet MN** 

Emissions 
g/hp-hr 

LT 
(°C) 

HT 
(ºC) 

 
Model 

Data 
sheet MN** 

Emissions 
mg/NM³ 

LT 
(°C) 

HT 
(°C) 

C1250 N6C D-3282 60 500 50   95  C1540 N5C D-3290 52 500 50  95 
C1250 N6C D-3283 56 350 50   95  C1540 N5C D-3291 60 500 50  95 
C1250 N6C D-3284 63 500 50 110  C1540 N5C D-3292 56 350 50  95 
C1250 N6C D-3285 59 350 50 110  C1540 N5C D-3293 63 500 50 110 
C1250 N6C D-3286 70 500 50   95  C1540 N5C D-3294 59 350 50 110 
C1250 N6C D-3287 66 350 50   95  C1540 N5C D-3295 70 500 50  95 
C1250 N6C D-3288 73 500 50 110  C1540 N5C D-3296 66 350 50  95 
C1250 N6C D-3289 69 350 50 110  C1540 N5C D-3297 73 500 50 110 
C1540 N6C D-3465 52 500 50   95  C1540 N5C D-3298 69 350 50 110 
C1540 N6C D-3466 60 500 50   95  C1750 N5C D-3299 67 500 50  95 
C1750 N6C D-3307 67 500 50   95  C1750 N5C D-3300 63 350 50  95 
C1750 N6C D-3308 63 350 50   95  C1750 N5C D-3303 77 500 50  95 
C1750 N6C D-3311 77 500 50   95  C1750 N5C D-3304 73 350 50  95 
C1750 N6C D-3312 73 350 50   95  C1750 N5C D-3305 80 500 50 110 
C1750 N6C D-3313 80 500 50 110  C1750 N5C D-3306 76 300 50 110 
C1750 N6C D-3314 76 350 50 110  C2000 N5C D-3322 73 500 40  92 
C2000 N6C D-3325 78 1.2 45   92  C2000 N5C D-3323 70 350 40  92 
C2000 N6C D-3339 76 0.5 50   92  C2000 N5C D-3338 75 250 50  92 

 C2000 N5C D-3359 80 500 50  92 
* CR = Compression ratio   **MN = Methane         

This outline drawing is to provide representative 
configuration details for Model series only. 
 
See respective model data sheet for specific model 
outline drawing number. 
 
Do not use for installation design 



continuous development for 30 years
Introduced in 1976, the Jenbacher type 2 engine offers extremely high efficiency in the 350 kW power range. Its robust design and stationary engine concept 
result in excellent component durability and a service life of 60,000 operating hours before the first major overhaul. Optimized components and a proven control 
and monitoring concept give this engine outstanding reliability.

J208 GS 
Sewage treatment 
plant; Strass im 
Zillertal, Austria

J208 GS
Containerized  
solution 
Biogas plant Wolfring; 
Fensterbach, 
Germany

J208 GS
Biogas plant 
Lamping; 
Emstek, Germany

Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sewage gas
Engine type . . . . . . . . . . . . . . . . . . . .  1 x JMS 208 GS-B.LC
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 330 kW
Thermal output . . . . . . . . . . . . . . . . . . . . . . .  1,434 MBTU/hr
Commissioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . April 2001 

Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Biogas
Engine type . . . . . . . . . . . . . . . . . . . . . .  1 x JMC 208 GS-B.L
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 330 kW
Thermal output . . . . . . . . . . . . . . . . . . . . . . .  1,438 MBTU/hr
Commissioning . . . . . . . . . . . . . . . . . . . . .  November 2002 

Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Biogas
Engine type . . . . . . . . . . . . . . . . . . . . . . . 1 x JMS 208 GS-B.L
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 330 kW 
Thermal output . . . . . . . . . . . . . . . . . . . . . . .  1,383 MBTU/hr
Commissioning . . . . . . . . . . . . . . . . . . . . .  December 2003 

In addition to two existing Jenbacher systems, a 
J208 GS engine has been installed at this sewage 
treatment plant. Due to the high efficiency of this 
new engine, the annual electricity output could be 
increased by more than 20% while maintaining the 
fuel gas consumption at the same level. Our three 
cogeneration systems cover 85% of the electricity 
requirement and 100% of the heat requirement of 
the sewage treatment plant.

Renewable resources such as grass, corn, and 
chicken dung are fermented to produce biogas that 
fuels our gas engine. The generated electricity is 
entirely fed into the public grid; the heat produced 
is used for heating purposes at the Wolfring estate. 
During summer, the exhaust gas from the engine 
is used to dry grain and wood chips. The substrate 
from the biomass fermentation serves as fertilizer 
for the Wolfring farm. Due to the exceptional tech-
nical and operational characteristics, in November
2005 the German Federal Ministry of Consumer 
Protection, Food and Agriculture declared the plant 
to be a “model solution for the ecological and 
economical generation of energy using agricultural 
biogas”.

The gas engine runs on biogas produced from 
liquid manure and corn from the Lamping farm. 
The generated electricity is entirely fed into the 
public grid, and the produced heat is used for  
heating of the digester, housing and stables.

 Jenbacher
 type 2 

GE 
Energy

reference installations
model, plant key technical data description



Natural gas 1,800 rpm | 60 Hz
NOx < Type  Pel (kW) el (%)  Pth (MBTU/hr) th (%)    tot (%)
1.1 g/bhp.hr 208 335 37.2 1,384 45.0 82.2

0.6 g/bhp.hr  208 335 35.8 1,396 43.7 79.5

Biogas 1,800 rpm | 60 Hz
NOx < Type  Pel (kW) el (%)  Pth (MBTU/hr) th (%)    tot (%)
1.1 g/bhp.hr 208 335 36.2 1,334 42.3 78.5

GE Energy    Jenbacher gas engines North America    Houston, TX 77032    T +1 832 2955600    F +1 281 4429994    jenbacher.us@ge.com    www.gejenbacher.com
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Dimensions l x w x h (inch)
Generator set 200 x 70 x 80
Cogeneration system 200 x 70 x 80
Container 20-foot (generator set) 240 x 100 x 110
Container 40-foot (cogeneration) 480 x 100 x 110

Weights empty (lbs)
Generator set 10,740
Cogeneration system 12,450
Container 20-foot (generator set) 28,900
Container 40-foot (cogeneration) 37,590

Configuration In line

Bore (inch) 5.31

Stroke (inch) 5.71

Displacement/cylinder (cu.in) 126.6

Speed (rpm) 1,800 (60 Hz)

Mean piston speed (in/s) 343 

Scope of supply Generator set, cogeneration system, 
 generator set/cogeneration in container

Applicable gas types Natural gas, flare gas, propane, biogas, 
 landfill gas, sewage gas. Special gases  
 (e.g., coal mine gas, coke gas, wood gas, pyrolysis gas)

Engine type J208 GS
No. of cylinders 8
Total displacement (cu.in) 1,013

outputs and efficiencies

1)  Electrical output based on ISO standard output and standard reference conditions according to ISO 3046/I-1991 and p.f. = 1.0 according to VDE 0530 REM with respective tolerance;  
minimum methane number 70 for natural gas   

2) Total heat output with a tolerance of +/- 8%, exhaust gas outlet temperature 248°F, for biogas exhaust gas outlet temperature 356°F

All data according to full load and subject to technical development and modification.       

technical data

1 2

1 2



efficient, durable, reliable 
Long service intervals, maintenance-friendly engine design and low fuel consumption ensure maximum efficiency in our type 3 engines. Optimized components 
prolong service life even when using non-pipeline gases such as landfill gas. The type 3 stands out in its 500 to 1,100 kW power range due to its technical 
maturity and high degree of reliability. 

GE 
Energy

J312 GS
Containerized  
solution
Landfill site; 
Cavenago, Italy

J316 GS
Profusa, 
producer of coke; 
Bilbao, Spain

J320 GS  
Ecoparc I; 
Barcelona, Spain

J320 GS
Amtex Spinning Mills; 
Faisalabad, Pakistan

Fuel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                              Landfill gas
Engine type  . . . . . . . . . . . . . . . . . . . .                      3 x JMC 312 GS-L.L
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                               1,803 kW
Thermal output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                2,241 kW
Commissioning  . . . . . . . . . . . . . . . . . . .                     September 1999

Fuel  . . . . . . . . . . . . . . . . . . . . . .                       Coke gas and natural gas
Engine type  . . . . . . . . . . . . . . .                 12 x JGS 316 GS-S/N.L
Electrical output	  

a) with 100% coke gas  . . . . . . . . . . . . . . . . . . . .                      5,642 kW
b) with 60% coke gas and 40% natural gas, 
or 100% natural gas  . . . . . . . . . . . . . . . . . . . . . . .                        6,528 kW
Commissioning  . . . . . . . . . . . . . . . . . . . .                      November 1995 

Fuel  . . . . . . . . . . . . . . . . . . . . . . . . . .                           Biogas and natural gas
Engine type  . . . . . . . . . . . . . . . . .                  5 x JMS 320 GS-B/N.L
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                 5,240 kW
Thermal output	  

a) with biogas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                     2,960 kW
b) with natural gas . . . . . . . . . . . . . . . . . . . . . . . . . . .                             3,005 kW
Commissioning  . . . . . . . . . . . . . . . . . . . .                      December 2001 
	  to January 2002

Fuel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                             Natural gas
Engine type  . . . . . . . . . . . . . . . . . . . .                      4 x JGS 320 GS-N.L  
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                               4,024 kW
Commissioning  . . . . . . . . . . . . . . . . . . .                     November 2002, 
	 May 2003

Every system has its own landfill gas feeder line 
and exhaust gas treatment line. The generated 
electricity is used on-site, excess power is fed into 
the public grid. The employment of the CL.AIR ®  
system ensures the purification of the exhaust gas 
to meet stringent Italian emission requirements. 
As a special feature, at this plant the thermal energy 
is used for landfill leachate treatment, as well as for 
greenhouse heating.

This installation designed by GE’s Jenbacher  
product team enables Profusa to convert the  
residual coke gas with a hydrogen content of 
approximately 50% into valuable electrical energy. 

In Ecoparc I, organic waste is processed into biogas, 
which serves as energy source for our gas engines. 
The generated electricity is used on-site as well 
as fed into the public power grid. A portion of the 
thermal energy is used as process heat in the 
digesters, and the excess heat is bled off in the  
air coolers.

The natural gas-driven units generate electricity for 
spinning mills in one of Pakistan’s most important 
textile centers. Special features of this Jenbacher 
plant allow for high ambient temperature, dusty 
inlet air, and operation in island mode.

reference installations
model, plant	 key technical data	 description

Jenbacher
type 3



Dimensions l x w x h (mm)
Generator set	 J312 GS 	 4,700 x 1,800 x 2,300 
	 J316 GS 	 5,200 x 1,800 x 2,300	
	 J320 GS	 5,700 x 1,700 x 2,300

Cogeneration system	 J312 GS	 4,700 x 2,300 x 2,300
	 J316 GS	 5,300 x 2,300 x 2,300	
	 J320 GS	 5,700 x 1,900 x 2,300

Container 	 J312 GS 	 12,200 x 2,500 x 2,600
	 J316 GS	 12,200 x 2,500 x 2,600
	 J320 GS	 12,200 x 2,500 x 2,600

Weights empty (kg)	
	 J312 GS	 J316 GS	 J320 GS
Generator set	 8,000	 8,800	 10,500
Cogeneration system	 9,400	 9,900	 11,000	
Container (generator set) 	 19,400	 22,100	 26,000
Container (cogeneration)	 20,800	 23,200	 26,500

Configuration	 V 70°

Bore (mm)	 135

Stroke (mm)	 170

Displacement/cylinder (lit)	 2.43

Speed (rpm)	 1,500 (50 Hz)  
	 1,200/1,800 (60 Hz)

Mean piston speed (m/s)	 8.5 (1,500 rpm)  
	 6.8 (1,200 rpm)  
	 10.2 (1,800 rpm)

Scope of supply	 Generator set, cogeneration system,  
	 generator set/cogeneration in container

Applicable gas types	 Natural gas, flare gas, propane, biogas, 
	 landfill gas, sewage gas. Special gases 
	 (e.g., coal mine gas, coke gas, wood gas, pyrolysis gas)

Engine type	 J312 GS 	 J316 GS 	 J320 GS 
No. of cylinders	 12	 16	 20 
Total displacement (lit)	 29.2	 38.9	 48.7

technical data
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outputs and efficiencies

1) ��Electrical output based on ISO standard output and standard reference conditions according to ISO 3046/I-1991 and p.f. = 1.0 according to VDE 0530 REM with respective tolerance; 
minimum methane number 70 for natural gas

2) Total heat output with a tolerance of +/- 8%, exhaust gas outlet temperature 120°C, for biogas exhaust gas outlet temperature 180°C
3) Special version with higher compression ratio

All data according to full load and subject to technical development and modification.									       
										        

Natural gas	 1,200 rpm | 60 Hz	 1,500 rpm | 50 Hz	 1,800 rpm | 60 Hz
NOx <	 Type	  Pel (kW)	 el (%)	 Pth (kW)	 th (%)	    tot (%)	  Pel (kW)	  el (%) 	Pth (kW)	     th (%)	    tot (%)	  Pel (kW)	  el (%)	 Pth (kW)	    th (%)	   tot (%)                    

	 312 						      526	 39.4	 635	 47.6	 87.0	 540	 37.2	 723	 49.8	 87.0

	 312 	 435	 39.8	 497	 45.4	 85.2	 625	 39.8	 731	 46.6	 86.4	 633	 38.1	 808	 48.6	 86.7

	 316	 582	 40.3	 649	 44.9	 85.2	 834	 39.9	 988	 47.3	 87.2	 848	 38.2	 1,079	 48.7	 86.9	

	 320 	 794	 40.7	 870	 44.5	 85.2	 1,063	 40.8	 1,190	 45.6	 86.4	 1,060	 39.0	 1,313	 48.3	 87.3	

	 312						      526	 38.6	 659	 48.4	 87.0	 540	 36.1	 767	 51.3	 87.4

	 312						      601	 38.9	 726	 47.0	 85.9	 633	 36.7	 854	 49.5	 86.2

	 316						      802	 39.0	 967	 47.0	 86.0	 848	 36.9	 1,140	 49.6	 86.5

	 320						      1,063 	 39.9	 1,238	 46.4	 86.3	 1,060	 38.1	 1,361	 49.0	 87.1

	 312	 418	 38.7	 500	 46.2	 84.9	 601	 39.1	 736	 47.9	 87.0

350 mg/m3
N	 316	 559	 38.8	 666	 46.2	 85.0	 802	 39.2	 983	 48.0	 87.2

	 320	 729	 39.1	 858	 46.0	 85.1	 1,064	 40.1	 1,222	 46.1	 86.2

Biogas	 1,200 rpm | 60 Hz	 1,500 rpm | 50 Hz	 1,800 rpm | 60 Hz
NOx <	 Type	  Pel (kW)	 el (%)	 Pth (kW)	 th (%)	    tot (%)	  Pel (kW)	  el (%) 	Pth (kW)	     th (%)	    tot (%)	  Pel (kW)	  el (%)	 Pth (kW)	    th (%)	   tot (%)                    

	 312						      526	 40.4	 558	 42.9	 83.3	 540	 37.2	 703	 48.4	 85.6	

	 312						      625	 40.0	 680	 43.6	 83.6	 633	 38.1	 787	 48.4	 86.5

500 mg/m3
N	 316						      703	 40.5	 744	 42.9	 83.4	

	 316						      834	 39.9	 910	 43.7	 83.6	 848	 38.2	 1,048	 47.3	 85.5

	 320						      1,063	 40.8	 1,088	 41.7	 82.5	 1,060	 39.0	 1,274	 46.9	 85.9

	 312											           633	 36.7	 836	 48.5	 85.2

250 mg/m3
N	 316											           848	 36.9	 1,114	 48.4	 85.3

	 320											           1,060	 36.9	 1,387	 48.3	 85.2

500 mg/m3
N

250 mg/m3
N

3

3

1 2 1 2 1 2

1 2 1 2 1 2

3

GE Energy    Jenbacher gas engines Austria (Headquarters)    6200 Jenbach    T +43 5244 600-0    F +43 5244 600-527    jenbacher.info@ge.com    www.gejenbacher.com



an efficiency milestone
Based on the proven design concepts of types 3 and 6, the modern type 4 engines in the 800 to 1,500 kW power range are characterized by a high power
density and outstanding efficiency. The optimized control and monitoring provides easy preventive maintenance and maximum reliability and availability.

J416 GS
Richard van Schie, 
Greenhouses Facility;
Monster, The 
Netherlands

J420 GS
Landfill site
Bootham Lane;
Doncaster, UK

J420 GS
Hospital;
Padua, Italy

J420 GS
Containerized  
solution
Biogas plant SBR;
Kogel, Germany

Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                              Natural gas
Engine type . . . . . . . . . . . . . . . . . . . . . . . .                        1 x JMS 416 GS-N
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                               1,130 kW
Thermal output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                1,403 kW
Commissioning  . . . . . . . . . . . . . . . . . . . .                    September 2004

Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                              Landfill gas
Engine type . . . . . . . . . . . . . . . . . . . . . .                       2 x JGC 420 GS-L.L
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                               2,666 kW
Commissioning  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                              May 2001, 
	 December 2002

 

Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                              Natural gas
Engine type . . . . . . . . . . . . . . . . . . . .                    2 x JMS 420 GS-N.LC
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                               2,832 kW
Thermal output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                2,576 kW
Commissioning  . . . . . . . . . . . . . . . . . . . . . .                      February 2002, 
	 October 2003

Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                      Biogas
Engine type . . . . . . . . . . . . . . . . . . . . .                      1 x JMC 420 GS-B.L
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                               1,413 kW
Thermal output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                   751 kW
Steam production  . . . . . . . . . . .             1,037 kg/h at 3 bar
  	 or 698 kW output
Commissioning  . . . . . . . . . . . . . . . . . . . . . . . .                         October 2003

  

At this greenhouse facility, the Jenbacher cogen-
eration system provides power for artificial lighting, 
heating and CO2 to increase the chrysanthemum 
production capabilities. The CO2 produced from 
the engine’s exhaust gas is used for the fertilization 
of the greenhouses, whereas the operator gains 
additional economic benefit due to the supply of 
the generated electricity to the local grid.

At this site, the methane content of the landfill gas 
can drop as low as 35%. The fluctuations in the 
methane content can be handled easily by the 
Jenbacher engines due to the patented LEANOX ® 
lean mixture combustion system. Thus these vari-
ations do not cause any reduction in the high out-
put level of our power systems. The installation is 
operated by United Utilities Green Energy Limited.

Two Jenbacher cogeneration systems help the 
Padua hospital to control its energy costs by  
providing power and heat at high efficiency levels. 
The electrical efficiency of each engine is 42.3%.

This biogas plant utilizes leftover food from hospitals, 
hotels and canteens as well as organic residual 
waste from the food industry for producing biogas 
that fuels our gas engine. The electricity generated 
is entirely fed into the public grid, and the exhaust 
gas from the engine is used for steam production. 
The steam serves for the pasteurization of the 
waste, which can then be used as sterilized fertilizer.

GE 
Energy

reference installations
model, plant	 key technical data	 description

Jenbacher
type 4
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1) �Electrical output based on ISO standard output and standard reference conditions according to ISO 3046/I-1991 and p.f. = 1.0 according to VDE 0530 REM with respective tolerance;  
minimum methane number 70 for natural gas			 

2) Total heat output with a tolerance of +/- 8%, exhaust gas outlet temperature 120°C, for biogas exhaust gas outlet temperature 180°C
3) Minimum methane number 85 for natural gas			 

All data according to full load and subject to technical development and modification.							     

technical features
feature	 description	 advantages

technical data
Dimensions l x w x h (mm)
Generator set 	 J412 GS 	 5,400 x 1,800 x 2,200
	 J416 GS 	 6,200 x 1,800 x 2,200
	 J420 GS	 7,100 x 1,900 x 2,200

Cogeneration system	 J412 GS	 6,000 x 1,800 x 2,200
	 J416 GS	 6,700 x 1,800 x 2,200
	 J420 GS	 7,100 x 1,800 x 2,200

Container 	 J412 GS 	 12,200 x 3,000 x 2,600
	 J416 GS	 12,200 x 3,000 x 2,600
	 J420 GS	 12,200 x 3,000 x 2,600

Weights empty (kg)
	 J412 GS	 J416 GS	 J420 GS
Generator set	 10,900	 13,100	 14,600	
Cogeneration system	 11,500	 13,700	 15,200	
Container (generator set)	  28,200	  30,900	  35,200	
Container (cogeneration)	 28,800	 31,500	 35,800

Configuration	 V 70°

Bore (mm)	 145

Stroke (mm)	 185

Displacement/cylinder (lit)	 3.06

Speed (rpm)	 1,200 (60 Hz)
	 1,500 (50 Hz)

Mean piston speed (m/s)	 7.4 (1,200 rpm)
	 9.3 (1,500 rpm)

Scope of supply	 Generator set, cogeneration system, 
	 generator set/cogeneration in container

Applicable gas types	 Natural gas, flare gas, biogas, landfill gas, 
	 sewage gas. Special gases (e.g., coal mine 
	 gas, coke gas, wood gas, pyrolysis gas)

Engine type 	 J412 GS 	 J416 GS 	 J420 GS
No. of cylinders 	 12 	 16 	 20
Total displacement (lit) 	 36.7 	 48.9 	 61.1

outputs and efficiencies
Natural gas	 1,200 rpm | 60 Hz	 1,500 rpm | 50 Hz
NOx <	 Type	  Pel (kW)	 el (%)	  Pth (kW)	 th (%)	    tot (%)	  Pel (kW)	 el (%)	  Pth (kW)	 th (%)	    tot (%)	

	 412	 634	 41.3	 672	 43.8	 85.1	 844	 42.7	 865	 43.8	 86.4

	 412						      844	 43.1	 828	 42.3	 85.4

	 416	 850	 41.5	 897	 43.8	 85.3	 1,131	 42.9	 1,155	 43.8	 86.7

	 416						      1,131	 43.3	 1,106	 42.4	 85.7

	 420	 1,063	 41.6	 1,121	 43.8	 85.4	 1,415	 42.9	 1,442	 43.8	 86.7

	 420						      1,415	 43.4	 1,381	 42.3	 85.7	

	 412						      844	 41.3	 922	 45.1	 86.4	

350 mg/m3
N	 416						      1,131	 41.5	 1,228	 45.0	 86.5	

	 420						      1,415	 41.5	 1,541	 45.2	 86.7

	 412	 634	 40.3	 700	 44.5	 84.8	 844	 41.2	 927	 45.2	 86.4

	 416	 850	 40.6	 934	 44.5	 85.1	 1,131	 41.4	 1,226	 44.9	 86.3

	 420	 1,063	 40.6	 1,167	 44.5	 85.1	 1,415	 41.4	 1,544	 45.2	 86.6

	
Biogas	 1,200 rpm | 60 Hz	 1,500 rpm | 50 Hz 
NOx <	 Type	  Pel (kW)	 el (%)	  Pth (kW)	 th (%)	    tot (%)	  Pel (kW)	 el (%)	  Pth (kW)	 th (%)	    tot (%)	

	 412						      844	 41.9	 843	 41.8	 83.7

500 mg/m3
N	 416						      1,131	 42.1	 1,127	 41.9	 84.0

	 420						      1,415	 42.1	 1,405	 41.8	 83.9

500 mg/m3
N

1 21 2

1 21 2

3

3

250 mg/m3
N

3

TecJet™ gas 	
dosing valve

Four-valve 	
cylinder head

Crack connecting rod

Electronically controlled gas dosing valve with high degree of 		
control accuracy

Optimized swirl and channel geometry using advanced 		
calculation and simulation methods (CFD)

Applying a technology – tried and tested in the automotive 		
industry – 	in our powerful stationary engines

- Very quick response time
- �Rapid adjustment of air/gas ratio
- Large adjustable calorific value range

- Minimized charge-exchange losses
- �Central spark-plug position resulting in optimal 

cooling and combustion conditions

- High dimensional stability and accuracy
- Reduced connecting rod bearing wear
- Easy to maintain

GE Energy    Jenbacher gas engines Austria (Headquarters)    6200 Jenbach    T +43 5244 600-0    F +43 5244 600-527    jenbacher.info@ge.com    www.gejenbacher.com



cutting-edge technology
Continuously refined based on our extensive experience, the Jenbacher type 6 engines are reliable, advanced products serving the 1.8 to 3 MW power range. 
Its 1,500 rpm engine speed results in a high power density and low installation costs. The type 6 pre-combustion chamber achieves maximum efficiency with 
low emissions. Proven design and optimized components enable a service life of 60,000 operating hours before the first major overhaul.

 Jenbacher
 type 6 

J612 GS
Beretta, industry;
Gardone, Italy

J616 GS 
Mussafah Industrial 
City, residential area; 
Abu Dhabi, UAE

J616 GS
Van der Arend Roses; 
Maasland,  
The Netherlands

J620 GS
Biomass power plant; 
Güssing, Austria

Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Natural gas
Engine type . . . . . . . . . . . . . . . . . . . . . .  1 x JMS 612 GS-N.L
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,457 kW
Thermal output . . . . . . . . . . . . . . . . . . . . . . .  5,241 MBTU/hr
Commissioning . . . . . . . . . . . . . . . . . . . . .  December 1998

Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Natural gas
Engine type . . . . . . . . . . . . . . . . . . . . . . . 3 x JGS 616 GS-N.L  
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6,018 kW 
Commissioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  June 2003

Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Natural gas 
Engine type . . . . . . . . . . . . . . . . . . . .  2 x JMS 616 GS-N.LC 
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4,376 kW
Thermal output . . . . . . . . . . . . . . . . . . . . .  17,950 MBTU/hr
Commissioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  February 
 and December 2003

Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Wood gas
Engine type . . . . . . . . . . . . . . . . . . . . . . . 1 x JMS 620 GS-S.L
Electrical output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,964 kW
Thermal output . . . . . . . . . . . . . . . . . . . . . . .  8,504 MBTU/hr
 (district heating 158°F/194°F) 
Commissioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . April 2002

The generated electricity covers the entire  
electricity requirement of the Beretta factory, 
while the heat is used for the production process. 
By using our cogeneration system, Beretta was 
able to reduce the energy supply costs for the  
factory by 30%. 

Three Jenbacher generator sets supply power 
generation for continuous operation of compressor 
chillers to provide chilled water for cooling to a 
residential area that incorporates apartments, 
shopping centers, mosques, a police station, and 
a cinema complex.

The Jenbacher cogeneration systems provide 
power for artificial lighting, heat and CO2 to increase 
the greenhouse rose production capabilities. The 
CO2 produced from the exhaust gas of the engines 
is used for fertilization in the greenhouses.

The wood gas produced and cleaned in a fluidized 
bed/steam reactor is converted into heat and 
power in the Jenbacher cogeneration plant and 
forms an important component in an innovative 
project aimed at meeting 100% of the region’s 
energy needs from renewable sources. 

reference installations
model, plant key technical data description

GE 
Energy
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1)  Electrical output based on ISO standard output and standard reference conditions according to ISO 3046/I-1991 and p.f. = 1.0 according to VDE 0530 REM with respective tolerance; minimum methane  
  number 80 for natural gas    

2) Total heat output with a tolerance of +/- 8%, exhaust gas outlet temperature 248°F, for biogas exhaust gas outlet temperature 356°F

All data according to full load and subject to technical development and modification.

technical data
Dimensions l x w x h (inch)
Generator set J612 GS  360 x 90 x 110
 J616 GS  400 x 90 x 110
 J620 GS 420 x 90 x 110

Cogeneration system J612 GS 360 x 90 x 110
 J616 GS 400 x 90 x 110
 J620 GS 420 x 90 x 110

Weights empty (lbs) 
 J612 GS J616 GS J620 GS
Generator set 41,240 53,200 66,180
Cogeneration system 42,340 54,300 67,500

Configuration V 60°

Bore (inch) 7.48

Stroke (inch) 8.66

Displacement/cylinder (cu.in) 380.7

Speed (rpm) 1,500 with gearbox (60 Hz) 

Mean piston speed (in/s) 433 

Scope of supply Generator set, cogeneration system 

Applicable gas types Natural gas, flare gas, biogas, landfill gas, 
 sewage gas. Special gases (e.g., coal mine 
 gas, coke gas, wood gas, pyrolysis gas)

Engine type J612 GS  J616 GS  J620 GS
No. of cylinders 12 16 20
Total displacement (cu.in) 4,568 6,090 7,613

technical features
feature description advantages

Four-valve  
cylinder head

Heat recovery

Air/fuel mixture  
charging

Pre-combustion 
chamber

Special gas mixer

Centrally located purged pre-combustion chamber, developed using  
advanced calculation and simulation methods (CFD)

The oil heat exchanger can be specified as a two-stage plate heat exchanger

Fuel gas and combustion air are mixed at low pressure before entering the 
turbocharger

The ignition energy of the spark plug is amplified in the pre-combustion 
chamber

Specific version for special gases with low calorific values

-  Minimized charge-exchange losses
-  Highly efficient and stable combustion
-  Optimal ignition conditions

-  Maximum thermal efficiency, even at high and  
fluctuating return temperatures

- Main gas supply with low gas pressure
-  Mixture homogenized in the turbocharger

- Highest efficiency
- Lowest NOx emission values
- Stable and reliable combustion

-  Trouble-free operation with special gases with large 
calorific value differences

Natural gas 1,500 rpm | 60 Hz
NOx < Type  Pel (kW) el (%)  Pth (MBTU/hr) th (%)    tot (%) 
 612 1,801 42.9 6,189 43.2 86.1

  616 2,390 42.6 8,295 43.4 86.1

  620 2,994 42.3 10,447 43.3 85.6

  612 1,801 42.2 6,365 43.7 85.9

  616 2,390 42.2 8,368 43.3 85.4

  620 2,994 41.6 10,618 43.3 84.9

Biogas 1,500 rpm | 60 Hz
NOx < Type  Pel (kW) el (%)  Pth (MBTU/hr) th (%)    tot (%) 
 612 1,432 39.1 5,702 45.6 84.7

  616 1,914 39.2 7,574 45.4 84.6

  620 2,388 39.1 9,481 45.5 84.6

  612 1,432            38.5 5,692 44.8 83.3

  616 1,914 38.6 7,567 44.7 83.3

  620 2,388 38.5 9,471 44.7 83.2

outputs and efficiencies

1.1 g/bhp.hr

1.1 g/bhp.hr

0.6 g/bhp.hr

0.6 g/bhp.hr

1 2

1 2



Key technical data

Configuration	 V 60°

Bore (mm) 	 190

Stroke (mm)	 220

Speed (rpm) 	 1,500

Gen-Set dimensions l x w x h (m)	 11.6 x 2 x 2.5

Applicable gas types 	 Natural gas	
Associated petrol gas (flaregas)	

Coal mine gas

Customer benefits

- �High power density
- �Low installation & operating costs
- �Low specific fuel consumption
- �High heat recovery rate

Product highlights

- �Electrical output 4 MW
- �Lean burn, turbo charged, mixture cooled
- �24-cylinder @ 1,500 rpm
- �Compact package design
- �Vibration decoupled system

For further information please contact:  jenbacher.j624@ge.com

GE 
Energy

Jenbacher J624 GS
The world‘s first 24-cylinder gas engine
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TCG 2016 C
622 – 827 kW | 834 – 1109 bhp  
at 1800 min-1 | rpm (60 Hz)



Technical data 60 Hz – Natural gas applications
NOX <= 500 mg /mn

3 | 1.2 g/bhph 1)
	 Minimum methane number MN 80

	 dry exhaust manifolds

Engine type TCG 2016 V12 C TCG 2016 V16 C
Engine power 2) kW | bhp 622 | 834 827 | 1109
Speed min-1 | rpm 1800 1800
Mean effective pressure bar | psi 15.8 | 229.2 15.8 | 229.2
Exhaust temperature approx. °C | °F 485 | 905 492 | 918
Exhaust mass flow wet approx. kg/h | lb/hr 3487 | 7686 4498 | 9914
Combustion air mass flow 2) approx. kg/h | lb/hr 3376 | 7441 4352 | 9592
Combustion air temperature min./design °C | °F 20/25 | 68/77 20/25 | 68/77
Ventilation air flow 3) approx. kg/h | lb/hr 16294 | 35913 20803 | 45851

Engine parameters
Bore/stroke mm | in 132/160 | 5.2/6.3 132/160 | 5.2/6.3
Displacement dm3 | cu in 26.3 | 1605 35.0 | 2135
Compression ratio 12.0 : 1 12.0 : 1
Mean piston speed m/s | ft/s 9.6 | 31.5 9.6 | 31.5
Lube oil content 4) dm3 | gal 335 | 88.5 430 | 113.6
Typical mean lube oil consumption 5) g/kWh | lb/hr 0.20 | 0.15 0.20 | 0.15

Generator
Efficiency 6) % 96.5 96.7

Energy balance
Electrical power 6) kWel 600 800
Jacket water heat ± 8 % kW | MBtu/hr 279 | 952 369 | 1259
Intercooler LT heat 7) ± 8 % kW | MBtu/hr 46 | 157 59 | 201
Exhaust cooled to 120 °C | 248 °F ± 8 % kW | MBtu/hr 394 | 1344 517 | 1764
Engine radiation heat kW | MBtu/hr 20 | 68 26 | 89
Generator radiation heat kW | MBtu/hr 22 | 75 27 | 92
Fuel consumption 8) + 5 % kW | MBtu/hr 1499 | 5114 1976 | 6741
Electrical efficiency % 40.0 40.5
Thermal efficiency % 44.9 44.8
Total efficiency % 84.9 85.3

System parameters
Engine jacket water flow rate min./max. m3/h | GPM 32/47 | 140/206 44/60 | 193/263
Engine KVS-value 9) m3/h | GPM 37 | 162 39 | 171
Intercooler coolant flow rate m3/h | GPM 10 | 44 10 | 44
Intercooler KVS-value 9) m3/h | GPM 10.4 | 46 10.4 | 46
Engine jacket water volume dm3 | gal 43 | 11.4 56 | 14.8
Intercooler coolant volume dm3 | gal 5 | 1.32 5 | 1.32
Engine jacket water temperature max. 10) °C | °F 84/91 | 183/196 84/91 | 183/196
– with glycol 10) °C | °F (84/91 | 183/196) (84/91 | 183/196)
Intercooler coolant temperature 10) °C | °F 40/44.1 | 104/111 40/45.2 | 104/113
Exhaust backpressure min./max. mbar | psi 30/50 | 0.44/0.73 30/50 | 0.44/0.73
Maximum pressure loss in front of air cleaner mbar | psi 5 | 0.073 5 | 0.073
Gas flow pressure, fixed between 11) mbar | psi 20…200 | 0.29…2.9 20…200 | 0.29…2.9
Starter battery 24 V, capacity required Ah 143 286



Engine type TCG 2016 V12 C TCG 2016 V16 C
Engine power 2) kW | bhp 622 | 834 827 | 1109
Speed min-1 | rpm 1800 1800
Mean effective pressure bar | psi 15.8 | 229.2 15.8 | 229.2
Exhaust temperature approx. °C | °F 463 | 865 470 | 878
Exhaust mass flow wet approx. kg/h | lb/hr 3432 | 7564 4460 | 9830
Combustion air mass flow 2) approx. kg/h | lb/hr 3169 | 6984 4113 | 9065
Combustion air temperature min./design °C | °F 20/25 | 68/77 20/25 | 68/77
Ventilation air flow 3) approx. kg/h | lb/hr 15890 | 35022 20317 | 44779

Engine parameters
Bore/stroke mm | in 132/160 | 5.2/6.3 132/160 | 5.2/6.3
Displacement dm3 | cu in 26.3 | 1605 35.0 | 2135
Compression ratio 15.0 : 1 15.0 : 1
Mean piston speed m/s | ft/s 9.6 | 31.5 9.6 | 31.5
Lube oil content 4) dm3 | gal 335 | 88.5 430 | 113.6
Typical mean lube oil consumption 5) g/kWh | lb/hr 0.20 | 0.15 0.20 | 0.15

Generator
Efficiency 6) % 96.5 96.7

Energy balance
Electrical power 6) kWel 600 800
Jacket water heat ± 8 % kW | MBtu/hr 283 | 965 371 | 1266
Intercooler LT heat 7) ± 8 % kW | MBtu/hr 42 | 143 52 | 177
Exhaust cooled to 150 °C | 310 °F ± 8 % kW | MBtu/hr 335 | 1143 446 | 1521
Engine radiation heat kW | MBtu/hr 20 | 68 26 | 89
Generator radiation heat kW | MBtu/hr 22 | 75 27 | 92
Fuel consumption 8) + 5 % kW | MBtu/hr 1470 | 5015 1941 | 6621
Electrical efficiency % 40.8 41.2
Thermal efficiency % 42.0 42.1
Total efficiency % 82.8 83.3

System parameters
Engine jacket water flow rate min./max. m3/h | GPM 32/47 | 140/206 44/60 | 193/263
Engine KVS-value 9) m3/h | GPM 37 | 162 39 | 171
Intercooler coolant flow rate m3/h | GPM 10 | 44 10 | 44
Intercooler KVS-value 9) m3/h | GPM 10.4 | 46 10.4 | 46
Engine jacket water volume dm3 | gal 43 | 11.4 56 | 14.8
Intercooler coolant volume dm3 | gal 5 | 1.32 5 | 1.32
Engine jacket water temperature max. 10) °C | °F 84/91 | 183/196 84/91 | 183/196
– with glycol 10) °C | °F (84/91 | 183/196) (84/91 | 183/196)
Intercooler coolant temperature 10) °C | °F 50/53.7 | 122/129 50/54.6 | 122/130
Exhaust backpressure min./max. mbar | psi 30/50 | 0.44/0.73 30/50 | 0.44/0.73
Maximum pressure loss in front of air cleaner mbar | psi 5 | 0.073 5 | 0.073
Gas flow pressure, fixed between 11) mbar | psi 20…200 | 0.29…2.9 20…200 | 0.29…2.9
Starter battery 24 V, capacity required Ah 143 286

Technical data 60 Hz – Sewage, bio and landfill gas applications
NOX <= 500 mg/mn

3 | 1.2 g/bhph
1) 	 Minimum heating value (LHV) = 5.0 kWh/mn

3 | 483 Btu/cu ft
Sewage gas (65 % CH4 / 35 % CO2) 	 dry exhaust manifolds
Biogas (60 % CH4 / 32 % CO2, rest N2)
Landfill gas (50 % CH4 / 27 % CO2, rest N2) 

1)	� NOX emissions: 
NOX < 0.50 g NO2/mn

3 | 1.2 g/bhph dry exhaust gas at 5 % O2

2)	� Engine power ratings and combustion air volume flows 
acc. to ISO 3046/1

3)	 Intake air flow at delta T = 15 K including combustion air
4)	 Including pipes, heat exchangers and base frame.
5)	� This values are the mean lube oil consumption between 

maintenance steps which include an E 60 service. Also the 

procedures defined in the TPI 1111-E-06-02 and the Technical 
Circular TR 0199-99-2105 are to be carefully followed.

6)	 At 60 Hz, U = 0.48 kV, power factor = 1
7)	� At 40 °C | 104 °F water inlet (50 °C | 122 °F for biogas)
8)	 With a tolerance of + 5 %
9)	� The KVS-value is the parameter for the pressure loss in the 

cooling system (= flowrate for 1 bar | 14.5 psi pressure loss).
10)	Inlet /outlet

11)	Consider TR 0199-99-3017

Data for special gas and dual gas operation on request.

The values given in this data sheet are for information purposes 
only and not binding.  
The information given in the offer is decisive.
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MWM Group 
Mail:	 info@mwm.net
Web:	www.mwm.net

Your benefits
•	� Package of favorable investment and low 

operating costs.
•	� Low energy consumption thanks to 

maximum primary energy utilization.
•	� Long service intervals and ease of service 

guarantee additional cost savings.
•	� Efficient energy conversion with 

outstanding performance.

•	� Two-phase-intercooling permits maximum 
power even when using gases with low 
methane numbers.

•	� Reliable control and monitoring with high  
safety standards ensure optimum combustion 
and maximum engine protection.

•	� All governing, service, control and monitoring 
functions are easy and comfortable to 
operate.

Characteristics
State-of-the-art 12 and 16 cylinder V-engines 
• Turbocharging and two-phase-intercooling 
• Single cylinder heads with four-valve 
technology • Centrally arranged industrial 
spark plug with intensive plug seat cooling  
 

• Microprocessor-controlled high-voltage
ignition system • One ignition coil per cylinder 
• Electronic control and monitoring of genset 
operation through TEM • Exhaust emissions 
controlled according to combustion chamber 
temperature

Dimensions 60 Hz Genset TCG 2016 V12 C TCG 2016 V16 C
Length mm | in 3700 | 145.7 4000 | 157.5
Width mm | in 1450 | 57.1 1450 | 57.1
Height mm | in 2200 | 86.6 2200 | 86.6
Dry weight genset kg | lbs 5700 | 12566 6570 | 14484

Noise emissions* 60 Hz
Noise frequency band Hz 63 125 250 500 1000 2000 4000 8000
Engine type TCG 2016 V12 C
Exhaust noise 121 dB (A) dB (lin) 106 117 122 116 116 116 110 104
Air-borne noise 99 dB (A) dB (lin) 86 89 90 93 92 92 88 95

Engine type TCG 2016 V16 C
Exhaust noise 116 dB (A) dB (lin) 108 123 118 112 110 104 105 97
Air-borne noise 105 dB (A) dB (lin) 92 96 96 97 99 97 94 100

Exhaust noise at 1 m,  45°, ± 2.5 dB (A)
Air-borne noise at 1 m from the side, ± 1 dB (A)

*Values apply to natural gas applications, measured as noise pressure level.
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TCG 2020
1050 – 2070 kW | 1408 – 2776 bhp  
at 1500 min-1 | rpm (60 Hz) with gearbox



Technical data 60 Hz – Natural gas applications
NOX <= 500 mg /mn

3 | 1.2 g/bhph 1)
	 Minimum methane number MN 80

	 dry exhaust manifolds

Engine type TCG 2020 V12 TCG 2020 V16 TCG 2020 V20
Engine power 2) kW | bhp 1200 | 1609 1600 | 2146 2070 | 2776
Speed min-1 | rpm 1500 1500 1500
Mean effective pressure bar | psi 18.1 | 262.5 18.1 | 262.5 18.7 | 271.2
Exhaust temperature approx. °C | °F 430 | 806 430 | 806 430 | 806
Exhaust mass flow wet approx. kg/h | lb/hr 6053 | 13341 8259 | 18203 10600 | 23362
Combustion air mass flow 2) approx. kg/h | lb/hr 5852 | 12898 7987 | 17603 10252 | 22595
Combustion air temperature min./design °C | °F 20/25 | 68/77 20/25 | 68/77 20/25 | 68/77
Ventilation air flow 3) approx. kg/h | lb/hr 29944 | 65938 39691 | 87401 50577 | 111373

Engine parameters
Bore/stroke mm | in 170/195 | 6.7/7.7 170/195 | 6.7/7.7 170/195 | 6.7/7.7
Displacement dm3 | cu in 53.1 | 3240 70.8 | 4320 88.5 | 5400
Compression ratio 13.5 : 1 13.5 : 1 13.5 : 1
Mean piston speed m/s | ft/s 9.8 | 32.16 9.8 | 32.16 9.8 | 32.16
Lube oil content 4) dm3 | gal 630 | 166.5 865 | 228.6 1080 | 285.4
Typical mean lube oil consumption 5) g/kWh | lb/hr 0.2 | 0.15 0.2 | 0.15 0.2 | 0.15

Generator
Efficiency 6) % 97.2 97.3 97.3

Gear
Ratio 1 : 1.2 1 : 1.2 1 : 1.2
Efficiency % 98.8 98.9 98.7

Energy balance
Electrical power 6) kWel 1152 1540 1989
Jacket water heat ± 8 % kW | MBtu/hr 581 | 1982 795 | 2712 1011 | 3449
Intercooler LT heat 7) ± 8 % kW | MBtu/hr 124 | 423 160 | 546 208 | 709
Exhaust cooled to 120 °C | 248 °F ± 8 % kW | MBtu/hr 578 | 1972 789 | 2692 1013 | 3456
Engine radiation heat kW | MBtu/hr 45 | 154 60 | 205 75 | 256
Generator radiation heat kW | MBtu/hr 34 | 116 43 | 147 56 | 191
Fuel consumption 8) + 5 % kW | MBtu/hr 2718 | 9274 3666 | 12508 4705 | 16053
Electrical efficiency % 42.4 42.0 42.3
Thermal efficiency % 42.6 43.2 43.0
Total efficiency % 84.0 85.2 85.3

System parameters
Engine jacket water flow rate min./max. m3/h | GPM 36/56 | 158/245 50/65 | 219/285 60/85 | 263/373
Engine KVS-value 9) m3/h | GPM 42 | 184 46 | 202 66 | 290
Intercooler coolant flow rate m3/h | GPM 40 | 175 40 | 175 45 | 198
Intercooler KVS-value 9) m3/h | GPM 30 | 131 30 | 131 72 | 316
Engine jacket water volume dm3 | gal 111 | 30 151 | 40 210 | 56
Intercooler coolant volume dm3 | gal 28 | 7 28 | 7 52 | 14
Engine jacket water temperature max. 10) °C | °F 80/92 | 176/198 80/92 | 176/198 80/92 | 176/198
– with glycol 10) °C | °F (80/92 | 176/198) (80/92 | 176/198) (80/92 | 176/198)
Intercooler coolant temperature 10) °C | °F 40/42.8 | 104/109 40/43.5 | 104/110.3 38/41.7 | 100/107
Exhaust backpressure min./max. mbar | psi 30/50 | 0.44/0.73 30/50 | 0.44/0.73 30/50 | 0.44/0.73
Maximum pressure loss in front of air cleaner mbar | psi 5 | 0.073 5 | 0.073 5 | 0.073
Gas flow pressure, fixed between 11) mbar | psi 20…200 | 0.29…2.9 20…200 | 0.29…2.9 20…200 | 0.29…2.9
Starter battery 24 V, capacity required Ah 430 430 430



Technical data 60 Hz – Sewage, bio and landfill gas applications
NOX <= 500 mg/mn

3 | 1.2 g/bhph
1) 	 Minimum heating value (LHV) = 5.0 kWh/mn

3 | 483 Btu/cu ft
Sewage gas (65 % CH4 / 35 % CO2) 	 dry exhaust manifolds
Biogas (60 % CH4 / 32 % CO2, rest N2)
Landfill gas (50 % CH4 / 27 % CO2, rest N2) 

Engine type TCG 2020 V12 TCG 2020 V16 TCG 2020 V20
Engine power 2) kW | bhp 1050 | 1408 1400 | 1877 1750 | 2347
Speed min-1 | rpm 1500 1500 1500
Mean effective pressure bar | psi 15.8 | 229.1 15.8 | 229.1 15.8 | 229.1
Exhaust temperature approx. °C | °F 470 | 878 470 | 878 475 | 887
Exhaust mass flow wet approx. kg/h | lb/hr 5351 | 11794 7234 | 15944 9062 | 19973
Combustion air mass flow 2) approx. kg/h | lb/hr 4906 | 10813 6639 | 14632 8318 | 18333
Combustion air temperature min./design °C | °F 20/25 | 68/77 20/25 | 68/77 20/25 | 68/77
Ventilation air flow 3) approx. kg/h | lb/hr 27485 | 60577 36130 | 79631 45609 | 100522

Generator
Efficiency 6) % 97.2 97.3 97.3

Gear
Ratio 1 : 1.2 1 : 1.2 1 : 1.2
Efficiency % 98.8 98.9 98.7

Energy balance
Electrical power 6) kWel 1008 1345 1681
Jacket water heat ± 8 % kW | MBtu/hr 536 | 1829 712 | 2429 858 | 2927
Intercooler LT heat 7) ± 8 % kW | MBtu/hr 113 | 386 148 | 505 199 | 679
Exhaust cooled to 150 °C | 310 °F ± 8 % kW | MBtu/hr 534 | 1822 721 | 2460 919 | 3135
Engine radiation heat kW | MBtu/hr 45 | 154 60 | 205 75 | 256
Generator radiation heat kW | MBtu/hr 29 | 99 36 | 123 47 | 160
Fuel consumption 8) + 5 % kW | MBtu/hr 2489 | 8492 3329 | 11359 4158 | 14187
Electrical efficiency % 40.5 40.4 40.4
Thermal efficiency % 43.0 43.0 42.7
Total efficiency % 83.5 83.4 83.1

System parameters
Engine jacket water flow rate min./max. m3/h | GPM 36/56 | 158/245 50/65 | 219/285 65/85 | 285/373
Engine KVS-value 9) m3/h | GPM 42 | 184 46 | 202 66 | 290
Intercooler coolant flow rate m3/h | GPM 35 | 153 35 | 153 40 | 175
Intercooler KVS-value 9) m3/h | GPM 30 | 131 30 | 131 72 | 316
Engine jacket water volume dm3 | gal 111 | 30 151 | 40 210 | 56
Intercooler coolant volume dm3 | gal 28 | 7 28 | 7 52 | 14
Engine jacket water temperature max. 10) °C | °F 81/92 | 178/198 81/92 | 178/198 81/92 | 178/198
– with glycol 10) °C | °F (81/92 | 178/198) (81/92 | 178/198) (81/92 | 178/198)
Intercooler coolant temperature 10) °C | °F 50/52.5 | 122/127 50/53.3 | 122/128 50/53.8 | 122/128
Exhaust backpressure min./max. mbar | psi 30/50 | 0.44/0.73 30/50 | 0.44/0.73 30/50 | 0.44/0.73
Maximum pressure loss in front of air cleaner mbar | psi 5 | 0.073 5 | 0.073 5 | 0.073
Gas flow pressure, fixed between 11) mbar | psi 20…200 | 0.29…2.9 20…200 | 0.29…2.9 20…200 | 0.29…2.9
Starter battery 24 V, capacity required Ah 430 430 430

1)	� NOX emissions: 
NOX < 0.50 g NO2/mn

3 | 1.2 g/bhph dry exhaust gas at 5 % O2

2)	� Engine power ratings and combustion air volume flows 
acc. to ISO 3046/1

3)	 Intake air flow at delta T = 15 K including combustion air
4)	 Including pipes, heat exchangers and base frame lube 	

oil tank.

5)	� This values are the mean lube oil consumption between 
maintenance steps which include an E 60 service. Also the 
procedures defined in the TPI 1111-E-06-02 and the Techni-
cal Circular TR 0199-99-2105 are to be carefully followed.

6)	 At 60 Hz, U = 0.48 kV, power factor = 1, speed 1800 min-1 | rpm

7)	� At 40 °C | 104 °F water inlet (50 °C | 122 °F for biogas), 
gearbox with coolant temperature

8)	 With a tolerance of + 5 %

9)	�  The KVS-value is the parameter for the pressure loss in the 
       cooling system (= flowrate for 1 bar | 14.5 psi pressure loss).
10)	 Inlet /outlet
11) Consider TR 0199-99-3017

Data for special gas and dual gas operation on request.
The values given in this data sheet are for information purposes 
only and not binding.  
The information given in the offer is decisive.



Ve
rs

io
n 

11
/0

8/
E

MWM Group 
Mail:	 info@mwm.net
Web:	www.mwm.net

Your benefits
•	� Package of favorable investment and low 

operating costs.
•	� Low energy consumption thanks to 	

maximum primary energy utilization.
•	� Long service intervals and ease of service 

guarantee additional cost savings.
•	� Efficient energy conversion with 		

outstanding performance.

•	� Reliable control and monitoring with high 
safety standards ensure optimum combus-
tion and maximum engine protection.

•	� All governing, service, control and 	
monitoring functions are easy and 	
comfortable to operate.

Characteristics
State-of-the-art 12, 16 and 20 cylinder 
V-engines • Air-fuel turbocharging and two-
stage intercooling • Single cylinder heads
with four-valve technology • Centrally 
arranged industrial spark plug with intensive 
plug seat cooling • Microprocessor-controlled

high-voltage ignition system • One ignition 
coil per cylinder • Electronic control and 
monitoring of genset operation through TEM 
• Exhaust emissions controlled according to 
combustion chamber temperature

Dimensions 60 Hz Genset TCG 2020 V12 TCG 2020 V16 TCG 2020 V20
Length mm | in 6300 | 248.1 8000 | 315.0 8800 | 346.5
Width mm | in 2000 | 78.8 2000 | 78.8 2100 | 82.7
Height mm | in 2500 | 98.4 2500 | 98.4 2600 | 102.4
Dry weight genset kg | lbs 12850 | 28329 16250 | 35825 21100 | 46517

Noise emissions* 60 Hz
Noise frequency band Hz 63 125 250 500 1000 2000 4000 8000
Engine type TCG 2020 V12
Exhaust noise 119 dB (A) dB (lin) 116 122 121 118 110 110 108 107
Air-borne noise 103 dB (A) dB (lin) 102 95 96 96 97 95 95 97

Engine type TCG 2020 V16
Exhaust noise 120 dB (A) dB (lin) 117 127 119 116 114 113 110 103
Air-borne noise 108 dB (A) dB (lin) 102 90 95 94 97 96 99 107

Engine type TCG 2020 V20
Exhaust noise 124 dB (A) dB (lin) 120 129 122 119 118 117 114 108
Air-borne noise 107 dB (A) dB (lin) 104 102 97 100 101 101 99 100

Exhaust noise at 1 m,  45°, ± 2.5 dB (A)
Air-borne noise at 1 m from the side, ± 1 dB (A)

*Values apply to natural gas applications, measured as noise pressure level.
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TCG 2032
2700 – 3600 kW | 3621 – 4828 bhp  
at 900 min-1 | rpm (60 Hz)



Technical data 60 Hz – Natural gas applications
NOx <= 500 mg /mn

3 | 1.2 g/bhph 
1)

	 Minimum methane number MN 70

Engine type TCG 2032 V12 TCG 2032 V16
Engine power 2) kW | bhp 2700 | 3621 3600 | 4828
Speed min-1 | rpm 900 900
Mean effective pressure bar | psi 17.7 | 256.7 17.7 | 256.7
Exhaust temperature approx. °C | °F 472 | 882 476 | 889
Exhaust mass flow wet approx. kg/h | lb/hr 14103 | 31083 18760 | 41347
Combustion air mass flow 2) approx. kg/h | lb/hr 13637 | 30056 18141 | 39983
Combustion air temperature for engine
with air preheater minimum/design °C | °F 10/35 | 50/95 10/35 | 50/95

Ventilation air flow 3) approx. kg/h | lb/hr 87871 | 193720 114328 | 252047

Engine parameters
Bore/stroke mm | in 260/320 | 10.2/12.6 260/320 | 10.2/12.6
Displacement dm3 | cu in 203.9 | 12441 271.8 | 16583
Compression ratio 12.0 : 1 12.0 : 1
Mean piston speed m/s | ft/s 9.6 | 31.50 9.6 | 31.50
Lube oil flow rate m3/h | GPM 100 | 400 113 | 498
Lube oil content 4) dm3 | gal 1750 | 462.4 2200 | 581.2
Lube oil temperature engine inlet °C | °F 80 | 176 80 | 176
Typical mean lube oil consumption 5) g/kWh | lb/hr 0.3 | 1.79 0.3 | 1.79

Generator
Efficiency 6) % 97.2 97.4

Energy balance
Electrical power 6) kWel 2624 3510
Jacket water heat ± 8 % kW | MBtu/hr 919 | 3135 1208 | 4121
Intercooler LT heat 7) ± 8 % kW | MBtu/hr 226 | 771 277 | 945
Exhaust cooled to 120 °C | 248 °F ± 8 % kW | MBtu/hr 1538 | 5247 2071 | 7066
Lube oil heat ± 8 % kW | MBtu/hr 319 | 1088 428 | 1460
Engine radiation heat kW | MBtu/hr 180 | 614 236 | 805
Generator radiation heat kW | MBtu/hr 76 | 259 94 | 321
Fuel consumption 8) + 5 % kW | MBtu/hr 6321 | 21567 8400 | 28661
Specific fuel consumption 8) + 5 % kWh/kWh | Btu/bHP-hr 2.34 | 5957 2.33 | 5937
Electrical efficiency % 41.5 41.7
Thermal efficiency % 43.9 44.1
Total efficiency % 85.4 85.8



System parameters TCG 2032 V12 TCG 2032 V16
Engine jacket water flow rate min./max. m3/h | GPM 80/100 | 352/440 105/130 | 462/572
Engine KVS-value 9) m3/h | GPM 89.0 | 392 93.0 | 409
Intercooler coolant flow rate m3/h | GPM 55 | 242 65 | 286
Intercooler KVS-value 9) m3/h | GPM 57.0 | 251 57.0 | 251
Engine jacket water volume dm3 | gal 430 | 113.6 570 | 150.6
Intercooler coolant volume dm3 | gal 51 | 13.5 51 | 13.5
Engine jacket water temperature max. 10) °C | °F 78/88 | 172/190 78/88 | 172/190
– with glycol 10) °C | °F (78/88 | 172/190) (78/88 | 172/190) 
Intercooler coolant temperature 10) °C | °F 40/43.6 | 104/110.5 40/43.6 | 104/110.5
Exhaust backpressure min./max. mbar | psi 30/50 | 0.44/0.73 30/50 | 0.44/0.73
Maximum pressure loss in front of air cleaner mbar | psi 5 | 0.073 5 | 0.073
Gas flow pressure, fixed between 11) mbar | psi 50…300 | 0.73…4.35 50…300 | 0.73…4.35
Air bottle, volume/pressure dm3/bar | ft3/psi 2000/30 | 71/435 2000/30 | 71/435

Dimensions 60 Hz Genset
Length mm | in 7800 | 307.1 8900 | 350.4
Width mm | in 2700 | 106.3 2700 | 106.3
Height mm | in 3700 | 145.7 3800 | 149.6
Dry weight genset kg | lbs 40100 | 88405 47800 | 105380

Noise emissions* 60 Hz
Noise frequency band Hz 63 125 250 500 1000 2000 4000 8000
Engine type TCG 2032 V12 
Exhaust noise 122 dB (A) dB (lin) 122 128 120 117 117 115 112 104
Air-borne noise 104 dB (A) dB (lin) 98 97 99 98 97 96 97 95

Engine type TCG 2032 V16
Exhaust noise 122 dB (A) dB (lin) 129 122 119 119 116 114 112 107
Air-borne noise 106 dB (A) dB (lin) 93 102 102 97 99 99 98 99

Exhaust noise at 1 m,    45°, ± 2.5 dB (A)
Air-borne noise at 1 m from the side, ± 1 dB (A)

*Values apply to natural gas applications, measured as noise pressure level.
 

1)	 Exhaust emissions: 
	 NOX < 0.50 g NO2/mn

3 | 1.2 g/bhph dry exhaust gas at 5 % O2 
2)	� Engine power ratings and combustion air volume flows 

acc. to ISO 3046/1
3)	 Intake air flow at delta T = 15 K including combustion air 
4)	 Without pipes and heat exchangers 

5)	� This values are the mean lube oil consumption between 
maintenance steps which include an E 60 service. Also the 
procedures defined in the TPI 1111-E-06-02 and the Technical 
Circular TR 0199-99-2105 are to be carefully followed.

6)	 At 60 Hz, U = 13.8 kV, power factor = 1 
7)	 At 40 °C | 104 °F water inlet 
8)	 With a tolerance of + 5 % 
9)	� The KVS-value is the parameter for the pressure loss in the 

cooling system (= flowrate for 1 bar | 14.5 psi pressure loss)

10)	�Inlet /outlet
11)	Consider TR 0199-99-3017

Data for special gas and dual gas operation on request. 

The values given in this data sheet are for information  
purposes only and not binding.  
The information given in the offer is decisive.



Your benefits
•	� Extremely low operating costs thanks to 

high efficiency and excellent specific fuel 
and oil consumption figures.

•	� Innovative repair concept with easily 
exchangeable cylinder unit with cylinder 
head, piston, connecting rod and liner 
enhances ease of service.

•	� The extremely slim engine with compact 
dimensions, low noise emissions and 
excellent smooth-running characteristics 
guarantee minimized installation costs.

•	� The combination of high power and low 
weight provides an exceptional power-to-
weight ratio. Precise governing and control 
of the combustion process ensures a very 
high level of speed stability.

•	� Exhaust emission levels which comply with 
the most stringent European standards 
and represent the best available control 
technology world-wide.

Characteristics
State-of-the-art four-stroke Otto gas engines 
of V-configuration • Single cylinder heads 
with four-valve technology • Nonwearing
high-voltage ignition system • Turbocharging 
and two-stage intercooling • Pearl® exhaust 
system located in V-space (Pulse Energy 

Advanced Recovery Line) • TEM EVOLUTION 
SYSTEM (Total Electronic Management) for 
control of gas combustion as well as for 
monitoring and control of engine generator 
set with optional integration of peripheral and 
ancillary equipment
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APG1000

Waukesha Engine
16V150LTD
Four Cycle
Lean Burn

Cylinders
V 16

Piston Displacement
2924 cu. in.
(48L)

Bore & Stroke
5.98″  x 6.5″
(152 x 165 mm)

Compression Ratio
*10:1 / 14:1

SPECIFICATIONS
Jacket Water
System Capacity

42 gal. (159L)
Auxiliary Water
Capacity

8 gal. (30 L)
Starting System
24VDC Electric
Lube Oil
System Capacity

120 gal. (454 L)
Dry Weight

30,200 lb. (13,730 kg)

APG Gas Enginator ®

Generating System
Featuring ESM® Technology
1000 - 1100 kW

Model  APG1000
Turbocharged and Intercooled, Sixteen Cylinder,
Lean Combustion Gaseous Fueled Enginator

Enginator shown with options.

* 10:1 Compression and 14:1
Expansion utilizing
Miller Cycle Technology

STANDARD EQUIPMENT

AIR CLEANER – Single, high efficiency, replaceable element and service indication.
AFR – Air Fuel Ratio control.  Included with ESM®.  Load based control with continuous feedback.

Requires kW input.
BARRING DEVICE – Manual, mounted.
BASE – Engine, generator and optional heat exchanger are mounted and aligned on a welded steel,

wide flange base, designed for solid mounting on concrete pad, with lifting outriggers.
BEARINGS – Heavy duty, bi-metal, replaceable, precision type.
BREATHER – Closed system, replaceable element, mounted.
CAMSHAFTS – Two high alloy steel, outboard mounted, roller follower, utilizing Miller Cycle technology.
CONNECTING RODS – Drop forged alloy steel, high angle split, serrated joint, oil jet piston pin lubrication.
COOLING SYSTEM – Choice of three circuit plate and frame heat exchanger with shipped loose expansion tanks or

flanged connections for remote radiator cooling.
CONTROL SYSTEM – Waukesha Engine System Manager (ESM) integrates spark timing control, speed governing,

detonation protection, start-stop control, diagnostic tools, fault logging and engine safeties.  Engine Control Unit
(ECU) is central brain of the control system and main customer interface.  Interface with ESM is through 25 foot
(7.6m) harness to local panel, through MODBUS RTU slave connection RS-485 multidrop hardware, and through
the Electronic Service Program (ESP).  Customer’s connections are only required to the local panel, fuel valve, and
for 24V DC power supply.  Compatible with Woodward load sharing module.  ESM meets Canadian Standard
Association Class 1, Division 2, Group D, hazardous location requirements.

CRANKCASE – Alloy cast iron, fully ribbed, integral with cylinder frame. Main bearing caps drilled and tapped for
temperature sensors. Does not include sensors.

CRANKSHAFT – Forged steel, nine bearings, oversized connection rod journal area, counterweighted and
dynamically balanced.

CYLINDERS – Removable wet type cylinder liners, centrifugally cast.
CYLINDER HEADS – Sixteen interchangeable, valve–in–head type.  Four valves per cylinder.

Two hard faced intake valves.  Two hard faced exhaust valves.  Replaceable intake and
exhaust valve seats.  Mechanical valve lifters with pivoted roller followers.  Rocker arm
housing with integrated cooling header.

ELECTRONIC SERVICE PROGRAM (ESP) – Microsoft Windows-based program provided on
CD-ROM for programming and interface to ESM.  Includes E-Help for troubleshooting any
ESM faults.  Serial harness is provided for connection of a customer supplied laptop to the ECU
RS-232 port.

ENGINE MONITORING DEVICES – Factory mounted and wired sensors for lube oil pressure and
temperature, intake manifold temperature and pressure, overspeed, and jacket water temperature, all
accessible through ESM. ESM continuously monitors combustion performance through individual
knock sensors to provide detonation protection. Dual magnetic pickups are used for accurate engine
speed monitoring. ESM provides predictive spark plug diagnostics as well as advanced diagnostics
of engine and ESM sensors and logs any faults into non-volatile flash memory.

EXHAUST – Insulated exhaust system with dry type manifolds.  Single exhaust outlet with 125# 10"
(254mm) outlet flange.  Front mounted.

FUEL SYSTEM – Single natural gas high efficiency venturi carburetor, mounted directly to turbocharger inlet.
One low pressure Fisher 66Z regulator mounted and piped.  3/4 - 2 psig (5 – 14 kPa) fuel inlet pressure required.
ESM controlled shipped loose fuel shutoff valve.

GENERATOR – Open, drip–proof, direct connected, synchronous, fan cooled, AC revolving field type, 2/3 pitch,
single bearing generator with AREP excitation system for 300% short circuit sustain (250% for 50 Hz) and motor
starting. TIF and Deviation Factor within NEMA MG–1.32. Voltage: 480/277, 3 phase, 6 wire Wye, 60 Hz, and
400/230, 3 phase, 6 wire Wye, 50 Hz. Temperature rise within NEMA 105° C for continuous duty, within NEMA
130° C for standby duty. Voltage regulation is ±0.5%. All generators are rated at 0.8 power factor, are mounted
on the engine flywheel housing, and have multiple steel disc flexible coupling drive.

GOVERNOR – Electronic throttle actuator controlled by ESM with throttle position feedback.  Governor tuning is
performed using ESP.  ESM includes option of a load-coming feature to improve engine response to step loads.

IGNITION SYSTEM – Ignition Power Module Diagnostics (IPM-D) controlled by ESM, with spark timing optimized
for varying speed-load conditions.  Dual voltage energy levels automatically controlled by ESM to maximize spark
plug life and improve starting.  The diagnostics feature of ESM can be used to help monitor spark plug life via
predictive maintenance.

INTERCOOLER – Air-to-water two stage.  First stage utilizing jacket water.  Second stage is in separate auxiliary water
circuit with integral thermostat.

JUNCTION BOXES – Separate AC and I/O junction boxes for engine wiring and external connections.
LUBRICATION SYSTEM – Full pressure, gear type pump, replaceable spin on oil filters, mounted oil cooler, mounted

electric driven prelube pump.
OIL PAN – Base type with removable doors. 120 gallons (454 liters) capacity, including filters and cooler.
PAINT – Oilfield Orange.
PISTONS – Aluminum with floating pin, single piece, gallery cooled, Ni-resist insert, two compression and one oil

control rings.
STARTING SYSTEM – 24V DC starting motor.
TURBOCHARGER – Single, high pressure ratio, water cooled and oil lubricated.  ESM controlled air/gas bypass, and

factory set wastegate.  Front mounted.
VOLTAGE REGULATOR – Automatic type.  Shipped loose.
WATER CIRCUIT – Engine mounted pumps and thermostats.

Auxiliary circuit – Second stage intercooler and oil cooler piping in series, 130° (54°C) inlet water temperature.
Jacket water circuit – First stage intercooler and jacket water in parallel, 210°F (99°C) outlet water temperature.
DOCUMENTATION - The following items are supplied as standard with every order:

– Electronic notification and access to drawings for review and or approval.
– One Enginator® manual consisting of:
· Engine operation/service manual.
· Engine parts book.
· Generator/voltage regulator instructions.
· Instructions on major items.



WAUKESHA POWER SYSTEMS
WAUKESHA ENGINE
DRESSER, INC.
1101 West St. Paul Avenue
Waukesha, WI 53188-4999
Phone: (262) 547-3311   Fax: (262) 549-2795
waukeshaengine.dresser.com
Bulletin 8053 1006

Consult your local Waukesha Distributor for system
application assistance. The manufacturer reserves the right
to change or modify without notice, the design or equipment
specifications as herein set forth without incurring any
obligation either with respect to equipment previously sold
or in the process of construction except where otherwise
specifically guaranteed by the manufacturer.

PERFORMANCE DATA: APG1000 GAS ENGINATOR® GENERATING SYSTEM

Typical heat balance data is shown. Consult factory for guaranteed data.
Fuel consumptions based on ISO 3046/1-1995 with a +5% tolerance for commericial quality natural gas having a 900 Btu/ft3 saturated low heating value.
Continuous Power Rating: The highest electrical power output of the Enginator available for an unlimited number of hours per year, less maintenance.
Rating Standard: The Waukesha Enginator  power rating descriptions are in accordance to ISO 8528, DIN6271 and BS5514. It is also valid for ISO 3046/1-1995 with an engine

mechanical efficiency of 90% and Tcra (clause 10.0) is limited to ± 10° F (5° C).
*No overload.

Cooling
Equipment L in (mm) W in (mm) H in (mm) Avg. Wt. lb (kg)
Water Connection 191 (4851) 85 (2159) 88 (2235) 30200 (13727)
Heat Exchanger 208 (5283) 85 (2159) 88 (2235) 31200 (14182)

L

W.C.
H.E.

W

H

HEAT EXCHANGER/ WATER CONNECTION COOLING
Intercooler Water:  130°F (54°C)

kWe RATING
KWe @ 1.0 Power Factor 1000 1000 1100 1100
KWe @ 0.8 Power Factor 990 990 1092 1092
Electrical Efficiency @ 1.0 Power Factor (%) 42.0 41.4 40.8 39.6
Electrical Efficiency @ 0.8 Power Factor (%) 41.6 41.0 40.5 39.3

Fuel Consumption 8132 (2386) 8244 (2419) 9185 (2694) 9481 (2764)
HT Cooling Circuit (Jacket Water + 1st stage intercooler) 1597 (468) 1611 (472) 1675 (491) 1710 (501)
LT Cooling Circuit (2ndt stage intercooler + oil cooler) 745 (218) 755 (221) 914 (268) 918 (269)
Radiation 194 (58) 194 (58) 353 (104) 334 (98)
Exhaust Energy 2082 (610) 2111 (619) 2388 (700) 2613 (766)
Exhaust Stack Temperature °F (°C) 730 (388) 750 (399) 765 (407) 806 (430)
Induction Air SCFM (nm3/hr) 2538 (4080) 2573 (4137) 2844 (4573) 2933 (4716)
Exhaust Gas Flow lb/hr (kg/hr) 11,636 (5278) 11797 (5351) 13037 (5914) 13443 (6098)

NOx 1.2 (0.5) 0.6 (0.24) 1.0 (0.40) 0.5 (0.20)
CO 1.5 (0.61) 1.5 (0.61) 1.5 (0.61) 1.6 (0.65)
NMHC 0.5 (0.19) 0.48 (0.19) 0.40 (0.20) 0.42 (0.22)

1500 rpm 1500 rpm 1800 rpm 1800 rpm
50 Hz 50 Hz 60 Hz 60 Hz

TA Luft NOx 1/2 TA Luft NOx 1 gm NOx 0.5 gm NOx

CONTINUOUS POWER

Waukesha, Enginator, ESM, and Microspin are trademarks/registered trademarks of Waukesha Engine, Dresser, Inc. All other trademarks, service marks, logos, slogans and trade names are the properties of their
respective owners. Copyright 2006 Dresser, Inc.

EUROPEAN REGIONAL OFFICE
Nugat 7/13
02-776 Warsaw, Poland
Tomasz Staszek, Regional Manager
Phone/Fax: +48 22 409 13 70
Mobile: +48 605 310 757
Email: tomasz.staszek@waukeshaengine.dresser.com

Engine Heat Balance        BTU/hr x 1000 (kW)

Emissions        g/bhp-hr (g/nm3 @ 5% O2)



SPECIFICATIONS

BASIC ENGINATOR SPECIFICATIONS
AIR CLEANER – Two stage, dry panel type with rain shield and service indicator. Engine 

mounted.
BARRING DEVICE – Manual.
BASE – Engine, generator and radiator or heat exchanger are mounted and aligned on a welded 

structural steel base, designed for solid mounting on an inertia block, with provisions for lifting.
BREATHER – Closed system.
CONNECTING RODS – Drop forged alloy steel, angle split, serrated joint, oil jet piston pin lubrication.
COOLING SYSTEM – Choice of mounted radiator with pusher fan, core guard and duct adaptor, heat exchanger with 

expansion tank (shipped loose) or fl anged connections for remote radiator cooling.
CRANKCASE – Alloy cast iron, fully ribbed, integral with cylinder frame.
CRANKSHAFT – Drop forged alloy steel with thru hardened journals, dynamically balanced and fully counterweight-

ed. Viscous vibration dampener.
CYLINDER HEADS – Individual, interchangeable valve–in–head type with deep section alloy casting. 

Two hard–faced intake and two hard–faced exhaust valves per cylinder. Replaceable intake and 
exhaust valve seats. Mechanical valve lifters with pivoted roller followers.

CYLINDERS – Removable wet type liners of centrifugally cast alloy iron.
ENGINE PROTECTION SHUTDOWN CONTACTS – High water temperature, low oil pressure, and 

overspeed.
EXHAUST – Water–cooled, cast iron exhaust manifold. Single vertical fl exible stainless steel exhaust 

connection with ANSI 125# 8" fl ange.
FUEL SYSTEM (GL) – One natural gas carburetor, one Fisher Y692 gas regulator, one 2" NPT fl exible 

connection (shipped loose) and one 2" NPT Magnatrol gas solenoid valve (shipped loose). Fuel 
pressure - 25 PSIG minimum and 50 PSIG maximum.

FUEL SYSTEM (GLD) – One natural gas carburetor, one Maxitrol RV91 gas regulator (shipped loose), 
one 2" NPT fl exible connection (shipped loose), and one 3" NPT Magnatrol gas solenoid valve 
(shipped loose). Fuel pressure - 10˝ H2O minimum and 20˝ H2O maximum.

GENERATOR – Open, drip–proof, direct connected, synchronous, fan cooled, AC revolving fi eld type, 2/3 pitch, single 
bearing generator with PMG brushless exciter for 300% short circuit sustain (250% for 50 Hz) and motor starting. 
TIF and Deviation Factor within NEMA MG–1.32. Voltage: 480/277, 3 phase, 12 wire Wye, 60 Hz, and 400/230, 
3 phase, 12 wire Wye, 50 Hz. Temperature rise within NEMA 105° C for continuous duty, within NEMA 130° C 
for standby duty. Voltage regulation is ± 0.5%. All generators are rated at 0.8 power factor, are mounted on the 
engine fl ywheel housing, and have multiple steel disc fl exible coupling drive.

GOVERNOR – Woodward model EG3P electric actuator (mounted) and magnetic pickup (mounted). NOTE: Requires 
separate electric governor control Woodward model 2301D or similar (not included). See Code 6020D or 6022. 

IGNITION – Waukesha Custom Engine Control electronic ignition system with coils, cables, hall effect pickup and 
spark plugs. Non–shielded. 24 V DC power required. Includes emergency stop/service engine protection switch 
for local override of remote controls.

INTERCOOLER – Air–to–water.
INSTRUMENT PANEL – Engine mounted, includes water temperature, oil pressure, intake manifold temperature and 

intake manifold pressure gauges, and emergency stop pushbutton.
JUNCTION BOXES – Separate AC & DC junction boxes for engine wiring and external connections.
KNOCK DETECTION MODULE (KDM) – Electronic detonation protection system. Includes engine mounted sensors, 

wiring and KDM. Meets CSA Class I, Division 2, Group D hazardous location requirements. Standard on GL and 
GLD engines with 11:1 compression ratio.

LUBRICATION SYSTEM – Gear type pump, full fl ow spin–on fi lters and industrial base type oil pan. Engine mounted 
plate type oil cooler.

PAINT – Oilfi eld Orange.
PISTONS – Aluminum alloy, three ring, with patented high turbulence combustion bowl. Oil jet cooled with full fl oating 

piston pin. 11:1 compression ratio.
STARTING SYSTEM – 24V DC starting motor. Crank termination switch, (shipped loose).
TURBOCHARGER – Dry–type with wastegate.
VOLTAGE REGULATOR – Automatic type (shipped loose).
WATER CIRCULATING SYSTEM, AUXILIARY CIRCUIT – Gear driven pump for intercooler and oil cooler. Inlet 

temperature of 130° F (54° C) for all models.
WATER CIRCULATING SYSTEM, JACKET WATER CIRCUIT – 180° – 190° F (82° – 88° C) thermostatic tempera-

ture regulation. Gear–driven pump.

VGF18GL/GLD

Waukesha Engine
 F18GL/GLD 
Cylinders
 Inline 6
Piston Displacement
 1096 cu. in.  
 (18 L)
Bore & Stroke
 5.98″ x 6.5″ 
 (152 x 165 mm)
Compression Ratio
 11:1

Jacket Water 
Capacity
 16 gal.  
 (60 L)
Starting System
 24V DC Electric
Fuel SLHV
  900 Btu/ft3 
 (35.3 MJ/m3)
Lube Oil Capacity
 44 gal.  
 (166 L)

 

VGF® Series Gas Enginator®

Generating System
220 - 315 kW

Model VGF18GL/GLD 
Turbocharged and Intercooled, Lean 
Combustion Gas Fueled Enginator
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HEAT EXCHANGER COOLING
Intercooler Water: 130°F (54°C)

 Fuel Consumption x 1000 Btu/h (kW) 3085 (904) 2500 (733) 3220 (944) 2610 (765)
 Jacket Water x 1000 Btu/h (kW) 782 (229) 662 (194) 808 (237) 684 (200) 
 Intercooler x 1000 Btu/h (kW) 196 (57) 134 (39) 213 (29) 149 (21)
 Lube Oil x 1000 Btu/h (kW) 97 (28) 70 (21) 99 (62) 71 (44) 
 Heat Radiated x 1000 Btu/h (kW) 63 (18) 58 (17) 63 (18) 57 (17)
 Exhaust Heat** x 1000 Btu/h (kW) 854 (250) 669 (196) 894 (262) 696 (244)
 Exhaust Flow lb/h (kg/h) 3980 (1806) 3240 (1470) 4165 (1888) 3395 (1539)
 Exhaust Temperature °F (°C) 839 (448) 802 (428) 841 (449) 800 (427)
 Induction Air Flow scfm (m3/min) 870 (25) 710 (20) 910 (23) 745 (19)

PERFORMANCE DATA: VGF18GL/GLD GAS ENGINATOR GENERATING SYSTEM

kW RATING

Typical heat rejection data is shown. Consult factory for guaranteed data.
*Continuous Power Rating: The highest electrical power output of the Enginator available for an unlimited number of hours per year, less maintenance. It is permissible to operate the Engi-

nator with up to 10% overload for two hours in each 24 hour period.
Standby Power Rating: This rating applies to those systems used as a secondary source of electrical power. This rating is the electrical power output of the Enginator (no overload) 24 hours 

a day, for the duration of the primary power source outage.
Rating Standard: The Waukesha Enginator power rating descriptions are in accordance to ISO 8528, DIN6271 and BS5514. It is also valid for ISO 3046/1-1986 with an engine mechanical 

effi ciency of 90% and Tcra (clause 10.0) is limited to ± 10° F (5° C).
**Heat rejection based on cooling exhaust gas to 77° F (25° C).
*** Requires option code 1100.

 Fuel Consumption x 1000 Btu/h (kW) 3085 (904) 2500 (733) 3220 (944) 2610 (765)
 Jacket Water x 1000 Btu/h (kW) 782 (229) 662 (194) 808 (237) 684 (200) 
 Intercooler x 1000 Btu/h (kW) 196 (57) 134 (39) 213 (29) 149 (21)
 Lube Oil x 1000 Btu/h (kW) 97 (28) 70 (21) 99 (62) 71 (44) 
 Heat Radiated x 1000 Btu/h (kW) 63 (18) 58 (17) 63 (18) 57 (17)
 Exhaust Heat** x 1000 Btu/h (kW) 854 (250) 669 (196) 894 (262) 696 (244)
 Exhaust Flow lb/h (kg/h) 3980 (1806) 3240 (1470) 4165 (1888) 3395 (1539)
 Exhaust Temperature °F (°C) 839 (448) 802 (428) 841 (449) 800 (427)
 Induction Air Flow scfm (m3/min) 870 (25) 710 (20) 910 (23) 745 (19)
 Radiator Air Flow scfm (m3/min) 48000 (1359) 40000 (1133) 48000 (1359) 40000 (1133)

 1800 rpm 1500 rpm 1800 rpm 1500 rpm
 60 Hz 50 Hz 60 Hz 50 Hz
 310*** 250*** 315 260

CONTINUOUS POWER* STANDBY POWER

 Fuel Consumption x 1000 Btu/h (kW) 3085 (904) 2500 (733) 3220 (944) 2610 (765)
 Jacket Water x 1000 Btu/h (kW) 782 (229) 662 (194) 808 (237) 684 (200) 
 Intercooler x 1000 Btu/h (kW) 196 (57) 134 (39) 213 (29) 149 (21)
 Lube Oil x 1000 Btu/h (kW) 97 (28) 70 (21) 99 (62) 71 (44) 
 Heat Radiated x 1000 Btu/h (kW) 63 (18) 58 (17) 63 (18) 57 (17)
 Exhaust Heat** x 1000 Btu/h (kW) 854 (250) 669 (196) 894 (262) 696 (244)
 Exhaust Flow lb/h (kg/h) 3980 (1806) 3240 (1470) 4165 (1888) 3395 (1539)
 Exhaust Temperature °F (°C) 839 (448) 802 (428) 841 (449) 800 (427)
 Induction Air Flow scfm (m3/min) 870 (25) 710 (20) 910 (23) 745 (19)

WATER CONNECTION COOLING
Intercooler Water: 130°F (54°C)

kW RATING

 1800 rpm 1500 rpm 1800 rpm 1500 rpm
 60 Hz 50 Hz 60 Hz 50 Hz
 310*** 250*** 315 260

CONTINUOUS POWER* STANDBY POWER

RADIATOR COOLING - MOUNTED
Intercooler Water: 130°F (54°C)

kW RATING

 1800 rpm 1500 rpm 1800 rpm 1500 rpm
 60 Hz 50 Hz 60 Hz 50 Hz
 295*** 240*** 300 250

CONTINUOUS POWER* STANDBY POWER

Cooling 
Equipment L in (mm) W in (mm) H in (mm) Avg. Wt. lb (kg)
Heat Exchanger 122 (3100) 54 (1370) 77 (1960) 8400 (3810)
Water Cooler 113 (2870) 54 (1370) 77 (1960) 8100 (3573)
Radiator 160 (4064) 72 (1829) 92 (2337) 9100 (4127)



SPECIFICATIONS

BASIC ENGINATOR SPECIFICATIONS
AIR CLEANER – Two stage, dry panel type with rain shield and service indicator. Engine 

mounted.
BARRING DEVICE – Manual.
BASE – Engine, generator and radiator or heat exchanger are mounted and aligned on a welded 

structural steel base, designed for solid mounting on an inertia block, with provisions for lifting.
BREATHER – Closed system.
CONNECTING RODS – Drop forged alloy steel, angle split, serrated joint, oil jet piston pin lubrication.
COOLING SYSTEM – Choice of mounted radiator with pusher fan, core guard and duct adaptor, heat exchanger with 

expansion tank (shipped loose) or fl anged connections for remote radiator cooling.
CRANKCASE – Alloy cast iron, fully ribbed, integral with cylinder frame.
CRANKSHAFT – Drop forged alloy steel with thru hardened journals, dynamically balanced and fully counterweight-

ed. Viscous vibration dampener.
CYLINDER HEADS – Individual, interchangeable valve–in–head type with deep section alloy casting. Two hard–faced 

intake and two hard–faced exhaust valves per cylinder. Replaceable intake and exhaust valve seats. Mechanical 
valve lifters with pivoted roller followers.

CYLINDERS – Removable wet type liners of centrifugally cast alloy iron.
ENGINE PROTECTION SHUTDOWN CONTACTS – High water temperature, low oil pressure, and 

overspeed.
EXHAUST – Water–cooled, cast iron exhaust manifold. Single vertical fl exible stainless steel 

exhaust connection with ANSI 125# 8" fl ange.
FUEL SYSTEM (GL) – One natural gas carburetor, one Fisher Y692 gas regulator, one 2" NPT fl ex-

ible connection (shipped loose) and one 2" NPT Magnatrol gas solenoid valve (shipped loose). 
Fuel pressure - 25 PSIG minimum and 50 PSIG maximum.

FUEL SYSTEM (GLD) – One natural gas carburetor, one Maxitrol RV91 gas regulator (shipped 
loose), one 2" NPT fl exible connection (shipped loose), and one 3" NPT Magnatrol gas solenoid 
valve (shipped loose). Fuel pressure - 10˝ H2O minimum and 20˝ H2O maximum.

GENERATOR – Open, drip–proof, direct connected, synchronous, fan cooled, AC revolving fi eld type, 
2/3 pitch, single bearing generator with PMG brushless exciter for 300% short circuit sustain (250% for 50 Hz) 
and motor starting. TIF and Deviation Factor within NEMA MG–1.32. Voltage: 480/277, 3 phase, 12 wire Wye, 60 
Hz, and 400/230, 3 phase, 12 wire Wye, 50 Hz. Temperature rise within NEMA 105° C for continuous duty, within 
NEMA 130° C for standby duty. Voltage regulation is ± 0.5%. All generators are rated at 0.8 power factor, are 
mounted on the engine fl ywheel housing, and have multiple steel disc fl exible coupling drive.

GOVERNOR – Woodward model EG3P electric actuator (mounted) and magnetic pickup (mounted). NOTE: Requires 
separate electric governor control Woodward model 2301D or similar (not included). See Code 6020D or 6022. 

IGNITION – Waukesha Custom Engine Control electronic ignition system with coils, cables, hall effect pickup and 
spark plugs. Non–shielded. 24 V DC power required. Includes emergency stop/service engine protection switch 
for local override of remote controls.

INTERCOOLER – Air–to–water.
INSTRUMENT PANEL – Engine mounted, includes water temperature, oil pressure, intake manifold temperature and 

intake manifold pressure gauges, and emergency stop pushbutton.
JUNCTION BOXES – Separate AC & DC junction boxes for engine wiring and external connections.
KNOCK DETECTION MODULE (KDM) – Electronic detonation protection system. Includes engine mounted sensors, 

wiring and KDM. Meets CSA Class I, Division 2, Group D hazardous location requirements. Standard on GL and 
GLD engines with 11:1 compression ratio.

LUBRICATION SYSTEM – Gear type pump, full fl ow spin–on fi lters and industrial base type oil pan. Engine mounted 
plate type oil cooler.

PAINT – Oilfi eld Orange.
PISTONS – Aluminum alloy, three ring, with patented high turbulence combustion bowl. Oil jet cooled with full fl oating 

piston pin. 11:1 compression ratio.
STARTING SYSTEM – 24V DC starting motor. Crank termination switch, (shipped loose).
TURBOCHARGER – Dry–type with wastegate.
VOLTAGE REGULATOR – Automatic type (shipped loose).
WATER CIRCULATING SYSTEM, AUXILIARY CIRCUIT – Gear driven pump for intercooler and oil cooler. Inlet 

temperature of 130° F (54° C) for all models.
WATER CIRCULATING SYSTEM, JACKET WATER CIRCUIT – 180° – 190° F (82° – 88° C) thermostatic tempera-

ture regulation. Gear–driven pump.

VGF24GL/GLD

Waukesha Engine
 H24GL/GLD 
Cylinders
 Inline 8
Piston Displacement
 1462 cu. in.  
 (24 L)
Bore & Stroke
 5.98″ x 6.5″ 
 (152 x 165 mm)
Compression Ratio
 11:1

Jacket Water 
Capacity
 20 gal.  
 (75 L)
Starting System
 24V DC Electric
Fuel SLHV
  900 Btu/ft3 
 (35.3 MJ/m3)
Lube Oil Capacity
 56 gal.  
 (212 L)

 

VGF® Series Gas Enginator®

Generating System
295 - 425 kW

Model  VGF24GL/GLD 
Turbocharged and Intercooled, Lean Combus-
tion Gas Fueled Enginator

Enginator shown with options.
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HEAT EXCHANGER COOLING
Intercooler Water: 130°F (54°C)

 Fuel Consumption x 1000 Btu/h (kW) 4110 (1204) 3330 (976) 4290 (1257) 3475 (1019)
 Jacket Water x 1000 Btu/h (kW) 1042 (305) 882 (259) 1077 (316) 912 (267)
 Intercooler x 1000 Btu/h (kW) 256 (75) 173 (51) 273 (80) 185 (54)
 Lube Oil x 1000 Btu/h (kW) 129 (38) 93 (27) 131 (38) 94 (28)
 Heat Radiated x 1000 Btu/h (kW) 88 (26) 73 (21) 88 (26) 73 (21)
 Exhaust Heat** x 1000 Btu/h (kW) 1142 (335) 897 (263) 1196 (351) 942 (276)
 Exhaust Flow lb/h (kg/h) 5300 (2405) 4315 (1958) 5540 (2513) 4520 (2049)
 Exhaust Temperature °F (°C) 842 (450) 808 (431) 844 (451) 810 (432)
 Induction Air Flow scfm (m3/min) 1160 (30) 945 (24) 1215 (34) 990 (28)

PERFORMANCE DATA: VGF24GL/GLD GAS ENGINATOR GENERATING SYSTEM

kW RATING

Typical heat balance data is shown. Consult factory for guaranteed data.
*Continuous Power Rating: The highest electrical power output of the Enginator available for an unlimited number of hours per year, less maintenance. It is permissible to operate the Engi-

nator with up to 10% overload for two hours in each 24 hour period.
Standby Power Rating: This rating applies to those systems used as a secondary source of electrical power. This rating is the electrical power output of the Enginator (no overload) 24 hours 

a day, for the duration of the primary power source outage.
Rating Standard: The Waukesha Enginator  power rating descriptions are in accordance to ISO 8528, DIN6271 and BS5514. It is also valid for ISO 3046/1-1986 with an engine mechanical 

effi ciency of 90% and auxiliary water temperature Tcra (clause 10.0) is limited to ± 10° F (5° C).
**Heat rejection based on cooling exhaust gas to 85° F (29° C).
*** Requires option code 1100.

 Fuel Consumption x 1000 Btu/h (kW) 4110 (1204) 3330 (976) 4290 (1257) 3475 (1019)
 Jacket Water x 1000 Btu/h (kW) 1042 (305) 882 (259) 1077 (316) 912 (267)
 Intercooler x 1000 Btu/h (kW) 256 (75) 173 (51) 273 (80) 185 (54)
 Lube Oil x 1000 Btu/h (kW) 129 (38) 93 (27) 131 (38) 94 (28)
 Heat Radiated x 1000 Btu/h (kW) 88 (26) 73 (21) 88 (26) 73 (21)
 Exhaust Heat** x 1000 Btu/h (kW) 1142 (335) 897 (263) 1196 (351) 942 (276)
 Exhaust Flow lb/h (kg/h) 5300 (2405) 4315 (1958) 5540 (2513) 4520 (2049)
 Exhaust Temperature °F (°C) 842 (450) 808 (431) 844 (451) 810 (432)
 Induction Air Flow scfm (m3/min) 1160 (30) 945 (24) 1215 (34) 990 (28)
 Radiator Air Flow scfm (m3/min) 48000 (1359) 40000 (1133) 48000 (1359) 40000 (1133)

 1800 rpm 1500 rpm 1800 rpm 1500 rpm
 60 Hz 50 Hz 60 Hz 50 Hz
 415*** 340*** 425 355

CONTINUOUS POWER* STANDBY POWER

 Fuel Consumption x 1000 Btu/h (kW) 4110 (1204) 3330 (976) 4290 (1257) 3475 (1019)
 Jacket Water x 1000 Btu/h (kW) 1042 (305) 882 (259) 1077 (316) 912 (267)
 Intercooler x 1000 Btu/h (kW) 256 (75) 173 (51) 273 (80) 185 (54)
 Lube Oil x 1000 Btu/h (kW) 129 (38) 93 (27) 131 (38) 94 (28)
 Heat Radiated x 1000 Btu/h (kW) 88 (26) 73 (21) 88 (26) 73 (21)
 Exhaust Heat** x 1000 Btu/h (kW) 1142 (335) 897 (263) 1196 (351) 942 (276)
 Exhaust Flow lb/h (kg/h) 5300 (2405) 4315 (1958) 5540 (2513) 4520 (2049)
 Exhaust Temperature °F (°C) 842 (450) 808 (431) 844 (451) 810 (432)
 Induction Air Flow scfm (m3/min) 1160 (30) 945 (24) 1215 (34) 990 (28)

WATER CONNECTION COOLING
Intercooler Water: 130°F (54°C)

kW RATING

 1800 rpm 1500 rpm 1800 rpm 1500 rpm
 60 Hz 50 Hz 60 Hz 50 Hz
 415*** 340*** 425 355

CONTINUOUS POWER* STANDBY POWER

RADIATOR COOLING - MOUNTED
Intercooler Water: 130°F (54°C)

kW RATING

 1800 rpm 1500 rpm 1800 rpm 1500 rpm
 60 Hz 50 Hz 60 Hz 50 Hz
 390*** 325*** 405 350

CONTINUOUS POWER* STANDBY POWER

Cooling 
Equipment L in (mm) W in (mm) H in (mm) Avg. Wt. lb (kg)
Heat Exchanger 142 (3610) 54 (1370) 79 (2000) 11100 (5030)
Water Cooler 132 (3350) 54 (1370) 79 (2000) 10600 (4810)
Radiator 176 (4470) 78 (1981) 100 (2540) 12300 (5580)



SPECIFICATIONS

BASIC ENGINATOR SPECIFICATIONS
AIR CLEANER – Two stage, dry panel type with rain shield and service indicator. Engine 

mounted.
BARRING DEVICE – Manual.
BASE – Engine, generator and radiator or heat exchanger are mounted and aligned on a welded 

steel, wide fl ange base, designed for solid mounting on an inertia block, with provisions for lifting.
BREATHER – Closed system.
CONNECTING RODS – Drop forged alloy steel, angle split, serrated joint, oil jet piston pin lubrication.
COOLING SYSTEM – Choice of mounted radiator with pusher fan, core guard and duct adaptor, heat exchanger with 

shipped loose expansion tank or fl anged connections for remote radiator cooling.
CRANKCASE – Alloy cast iron, fully ribbed, integral with cylinder frame.
CRANKSHAFT – Drop forged alloy steel with thru hardened journals, dynamically balanced and fully counterweight-

ed. Viscous vibration dampener.
CYLINDER HEADS – Individual, interchangeable valve–in–head type with deep section 

alloy casting. Two hard–faced intake and two hard–faced exhaust valves per cylinder. 
Replaceable intake and exhaust valve seats. Mechanical valve lifters with pivoted 
roller followers.

CYLINDERS – Removable wet type liners of centrifugally cast alloy iron. 
ENGINE PROTECTION SHUTDOWN CONTACTS – High water temperature, low oil 

pressure, and overspeed.
EXHAUST – Water–cooled, cast iron exhaust manifolds. Single vertical fl exible stainless 

steel exhaust connection with ANSI 10" 125# outlet fl ange.
FUEL SYSTEM (GL) – Two natural gas carburetors, one Fisher Y692 gas regulator, one 

2" NPT fl exible connection (shipped loose) and one 2" NPT Magnatrol gas solenoid 
valve (shipped loose). Fuel pressure - 25 PSIG minimum and 50 PSIG maximum.

FUEL SYSTEM (GLD) – Two natural gas carburetors, one DUNGS 5080 gas regulator 
(shipped loose), one 3" NPT fl exible connection (shipped loose), and one 2" NPT 
Magnatrol gas solenoid valve (shipped loose). Fuel pressure – 5 PSIG minimum and 
8 PSIG maximum.

GENERATOR – Open, drip–proof, direct connected, synchronous, fan cooled, AC revolving fi eld type, 2/3 
pitch, single bearing generator with PMG brushless exciter for 300% short circuit sustain (250% for 50 Hz) and 
motor starting. TIF and Deviation Factor within NEMA MG–1.32. Voltage: 480/277, 3 phase, 6 or 12 wire Wye, 60 
Hz, and 400/230, 3 phase, 6 or 12 wire Wye, 50 Hz. Temperature rise within NEMA 105° C for continuous duty, 
within NEMA 130° C for standby duty. Voltage regulation is ±0.5%. All generators are rated at 0.8 power factor, 
are mounted on the engine fl ywheel housing, and have multiple steel disc fl exible coupling drive. 

GOVERNOR – Woodward model EG3P electric actuator (mounted) and magnetic pick-up (mounted). Requires a 
separate electric governor control, Woodward Model 2301D(not included). See Code 6020D. 

IGNITION – Waukesha Custom Engine Control electronic ignition system with coils, cables, hall effect pickup and 
spark plugs. Non–shielded. 24V DC power required. 

INTERCOOLER – Air to water.
INSTRUMENT PANEL – Engine mounted, includes water temperature, oil pressure, intake manifold temperature and 

intake manifold pressure gauges, and emergency stop pushbutton.
JUNCTION BOXES – Separate AC & DC junction boxes for engine wiring and external connections.
LUBRICATION SYSTEM – Gear type pump, replaceable spin on oil fi lters and industrial base type oil pan. Engine 

mounted shell and tube oil cooler, thermostatic valve for oil temperature control, and prelube pump. Engine 
mounted 230 VAC, single phase 50/60 Hz electric driven prelube pump with motor starter. Continuous prelube not 
available. 

PAINT – Oilfi eld Orange.
PISTONS – Aluminum alloy, three ring, with patented high turbulence combustion bowl. Oil jet cooled with full fl oating 

piston pin. 11:1 compression ratio.
STARTING SYSTEM – 24V DC starting motor. Crank termination switch, (shipped loose).
TURBOCHARGERS – Dry–type with wastegate.
VOLTAGE REGULATOR – Automatic type (shipped loose).
WATER CIRCULATING SYSTEM, AUXILIARY CIRCUIT – Gear driven pump for intercooler and oil cooler. Inlet 

temperature of 130° F (54° C) for all models.
WATER CIRCULATING SYSTEM, JACKET WATER CIRCUIT – 180° – 190° F (82° – 88° C) thermostatic tempera-

ture regulation. Gear–driven pump.
WAUKESHA CUSTOM ENGINE CONTROL DETONATION SENSING MODULE (DSM) – Includes individual cylinder 

sensors, Detonation Sensing Module, and fi lter. Device is compatible with Waukesha CEC Ignition Module only. 
Detonation Sensing Module and DSM Filter are mounted and wired. 24V DC power is required. The DSM meets 
Canadian Standards Association Class I, Division 2, Group D, hazardous location requirements.

VGF36GL/GLD

Waukesha Engine
 L36GL/GLD 
Cylinders
 V 12
Piston Displacement
 2193 cu. in.  
 (36 L)
Bore & Stroke
 5.98″ x 6.5″ 
 (152 x 165 mm)
Compression Ratio
 11:1

Jacket Water 
Capacity
 44 gal.  
 (166 L)
Starting System
 24V DC Electric
Fuel SLHV
  900 Btu/ft3 
 (35.3 MJ/m3)
Lube Oil Capacity
 86 gal.  
 (326 L)

 

VGF® Series Gas Enginator®

Generating System
440 - 645 kW

Model  VGF36GL/GLD 
Turbocharged and Intercooled, Lean Combus-
tion Gas Fueled Enginator
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Waukesha, Enginator, VGF, Microspin, ESM are trademarks/registered trademarks of Waukesha Engine, Dresser, Inc. All other trademarks, service marks, logos, slogans and tradenames are the properties 
of their respective owners. © 2007 Dresser, Inc.  All Rights Reserved

Consult your local Waukesha  Distributor for system 
application assistance. The manufacturer reserves the 
right to change or modify without notice, the design or 
equipment specifi cations as herein set forth without 
incurring any obligation either with respect to equipment 
previously sold or in the process of construction 
except where otherwise specifi cally guaranteed by the 
manufacturer. 

HEAT EXCHANGER COOLING
Intercooler Water: 130°F (54°C)

 Fuel Consumption x 1000 Btu/h (kW) 6165 (1806) 4995 (1463) 6430 (1885) 5215 (1528)
 Jacket Water x 1000 Btu/h (kW) 1565 (458) 1323 (388) 1615 (473) 1367 (401)
 Intercooler x 1000 Btu/h (kW) 392 (115) 269 (79) 425 (125) 297 (87)
 Lube Oil x 1000 Btu/h (kW) 194 (57) 139 (41) 197 (58) 141 (41)
 Heat Radiated x 1000 Btu/h (kW) 115 (34) 107 (31) 116 (34) 107 (31)
 Exhaust Heat** x 1000 Btu/h (kW) 1710 (501) 1339 (392) 1790 (525) 1395 (409)
 Exhaust Flow lb/h (kg/h) 7950 (3607) 6475 (2936) 8320 (3774) 6785 (3078)
 Exhaust Temperature °F (°C) 841 (449) 804 (429) 843 (451) 800 (427)
 Induction Air Flow scfm (m3/min) 1740 (45) 1415 (36) 1820 (46) 1485 (38)

PERFORMANCE DATA: VGF36GL/GLD GAS ENGINATOR GENERATING SYSTEM

kW RATING

 Fuel Consumption x 1000 Btu/h (kW) 6165 (1806) 4995 (1463) 6430 (1885) 5215 (1528)
 Jacket Water x 1000 Btu/h (kW) 1565 (458) 1323 (388) 1615 (473) 1367 (401)
 Intercooler x 1000 Btu/h (kW) 392 (115) 269 (79) 425 (125) 297 (87)
 Lube Oil x 1000 Btu/h (kW) 194 (57) 139 (41) 197 (58) 141 (41)
 Heat Radiated x 1000 Btu/h (kW) 115 (34) 107 (31) 116 (34) 107 (31)
 Exhaust Heat** x 1000 Btu/h (kW) 1710 (501) 1339 (392) 1790 (525) 1395 (409)
 Exhaust Flow lb/h (kg/h) 7950 (3607) 6475 (2936) 8320 (3774) 6785 (3078)
 Exhaust Temperature °F (°C) 841 (449) 804 (429) 843 (451) 800 (427)
 Induction Air Flow scfm (m3/min) 1740 (45) 1415 (36) 1820 (46) 1485 (38)
 Radiator Air Flow scfm (m3/min) 75000 (2124) 63000 (1784) 75000 (2124) 63000 (1784)

 
 1800 rpm 1500 rpm 1800 rpm 1500 rpm
 620*** 515*** 645 535

CONTINUOUS POWER* STANDBY POWER

 Fuel Consumption x 1000 Btu/h (kW) 6165 (1806) 4995 (1463) 6430 (1885) 5215 (1528)
 Jacket Water x 1000 Btu/h (kW) 1565 (458) 1323 (388) 1615 (473) 1367 (401)
 Intercooler x 1000 Btu/h (kW) 392 (115) 269 (79) 425 (125) 297 (87)
 Lube Oil x 1000 Btu/h (kW) 194 (57) 139 (41) 197 (58) 141 (41)
 Heat Radiated x 1000 Btu/h (kW) 115 (34) 107 (31) 116 (34) 107 (31)
 Exhaust Heat** x 1000 Btu/h (kW) 1710 (501) 1339 (392) 1790 (525) 1395 (409)
 Exhaust Flow lb/h (kg/h) 7950 (3607) 6475 (2936) 8320 (3774) 6785 (3078)
 Exhaust Temperature °F (°C) 841 (449) 804 (429) 843 (451) 800 (427)
 Induction Air Flow scfm (m3/min) 1740 (45) 1415 (36) 1820 (46) 1485 (38)

WATER CONNECTION COOLING
Intercooler Water: 130°F (54°C)

kW RATING

 
 1800 rpm 1500 rpm 1800 rpm 1500 rpm
 620*** 515*** 645 535

CONTINUOUS POWER* STANDBY POWER

RADIATOR COOLING - MOUNTED
Intercooler Water: 130°F (54°C)

kW RATING

 
 1800 rpm 1500 rpm 1800 rpm 1500 rpm
 590*** 450*** 625 525

CONTINUOUS POWER* STANDBY POWER

Cooling 
Equipment L in (mm) W in (mm) H in (mm) Avg. Wt. lb (kg)
Heat Exchanger 157 (3990) 57 (1450) 96 (2440) 17000 (7720)
Water Cooler 137 (3480) 57 (1450) 89 (2260) 16000 (7260) 
Radiator 188 (4780) 105 (2670) 124 (3150) 20500 (9300)

Typical heat rejection data is shown. Consult factory for guaranteed data.
*Continuous Power Rating: The highest electrical power output of the Enginator available for an unlimited number of hours per year, less maintenance. It is permissible to operate the Engi-

nator with up to 10% overload for two hours in each 24 hour period.
Standby Power Rating: This rating applies to those systems used as a secondary source of electrical power. This rating is the electrical power output of the Enginator (no overload) 24 hours 

a day, for the duration of the primary power source outage.
Rating Standard: The Waukesha Enginator power rating descriptions are in accordance to ISO 8528, DIN6271 and BS5514. It is also valid for ISO 3046/1-1986 with an engine mechanical 

effi ciency of 90% and Tcra (clause 10.0) is limited to ± 10° F (5° C).
**Heat rejection based on cooling exhaust gas to 77° F (25° C).
*** Requires option code 1100.



SPECIFICATIONS

BASIC ENGINATOR SPECIFICATIONS
AIR CLEANER – Two stage, dry panel type with rain shield and service indicator. Engine 

mounted.
BARRING DEVICE – Manual.
BASE – Engine, generator and radiator or heat exchanger are mounted and aligned on a welded 

steel, wide fl ange base, designed for solid mounting on an inertia block, with provisions for lifting.
BREATHER – Closed system.
CONNECTING RODS – Drop forged alloy steel, angle split, serrated joint, oil jet piston pin lubrication.
COOLING SYSTEM – Choice of mounted radiator with pusher fan, core guard and duct adaptor, heat exchanger with 

shipped loose expansion tank or fl anged connections for remote radiator cooling.
CRANKCASE – Alloy cast iron, fully ribbed, integral with cylinder frame.
CRANKSHAFT – Drop forged alloy steel with thru hardened journals, dynamically balanced and fully counterweight-

ed. Viscous vibration dampener.
CYLINDER HEADS – Individual, interchangeable valve–in–head type with deep section alloy casting. Two hard–faced 

intake and two hard–faced exhaust valves per cylinder. Replaceable intake and exhaust valve seats. Mechanical 
valve lifters with pivoted roller followers.

CYLINDERS – Removable wet type liners of centrifugally cast alloy iron. 
ENGINE PROTECTION SHUTDOWN CONTACTS – High water temperature, low oil pressure, and overspeed.
EXHAUST – Water–cooled, cast iron exhaust manifolds. Single vertical fl exible stainless steel exhaust con-

nection with ANSI 10" 125# outlet fl ange.
FUEL SYSTEM (GL) – Two natural gas carburetors, one Fisher Y692 gas regulator, one 2" NPT fl exible 

connection (shipped loose) and one 2" NPT Magnatrol gas solenoid valve (shipped loose). Fuel pres-
sure - 25 PSIG minimum and 50 PSIG maximum.

FUEL SYSTEM (GLD) – Two natural gas carburetors, one DUNGS 5080 gas regulator (shipped loose), 
one 3" NPT fl exible connection (shipped loose), and one 2" NPT Magnatrol gas solenoid valve 
(shipped loose). Fuel pressure – 5 PSIG minimum and 8 PSIG maximum.

GENERATOR – Open, drip–proof, direct connected, synchronous, fan cooled, AC revolving fi eld type, 2/3 
pitch, single bearing generator with PMG brushless exciter for 300% short circuit sustain (250% for 50 
Hz) and motor starting. TIF and Deviation Factor within NEMA MG–1.32. Voltage: 480/277, 3 phase, 
6 or 12 wire Wye, 60 Hz, and 400/230, 3 phase, 6 or 12 wire Wye, 50 Hz. Temperature rise within 
NEMA 105° C for continuous duty, within NEMA 130° C for standby duty. Voltage regulation is ±0.5%. 
All generators are rated at 0.8 power factor, are mounted on the engine fl ywheel housing, and have multiple 
steel disc fl exible coupling drive. 

GOVERNOR – Woodward model EG3P electric actuator (mounted) and magnetic pick-up (mounted). Requires a 
separate electric governor control, Woodward Model 2301D(not included). See Code 6020D. 

IGNITION – Waukesha Custom Engine Control® electronic ignition system with coils, cables, hall effect pickup and 
spark plugs. Non–shielded. 24V DC power required. 

INTERCOOLER – Air to water.
INSTRUMENT PANEL – Engine mounted, includes water temperature, oil pressure, intake manifold temperature and 

intake manifold pressure gauges, and emergency stop pushbutton.
JUNCTION BOXES – Separate AC & DC junction boxes for engine wiring and external connections.
LUBRICATION SYSTEM – Gear type pump, replaceable spin on oil fi lters and industrial base type oil pan. Engine 

mounted shell and tube oil cooler, thermostatic valve for oil temperature control, and prelube pump. Engine 
mounted 230 VAC, single phase 50/60 Hz electric driven prelube pump with motor starter. Continuous prelube not 
available. 

PAINT – Oilfi eld Orange.
PISTONS – Aluminum alloy, three ring, with patented high turbulence combustion bowl. Oil jet cooled with full fl oating 

piston pin. 11:1 compression ratio.
STARTING SYSTEM – 24V DC starting motor. Crank termination switch, (shipped loose).
TURBOCHARGERS – Dry–type with wastegate.
VOLTAGE REGULATOR – Automatic type (shipped loose).
WATER CIRCULATING SYSTEM, AUXILIARY CIRCUIT – Gear driven pump for intercooler and oil cooler. Inlet 

temperature of 130° F (54° C) for all models.
WATER CIRCULATING SYSTEM, JACKET WATER CIRCUIT – 180° – 190° F (82° – 88° C) thermostatic tempera-

ture regulation. Gear–driven pump.
WAUKESHA CUSTOM ENGINE CONTROL DETONATION SENSING MODULE (DSM) – Includes individual cylinder 

sensors, Detonation Sensing Module, and fi lter. Device is compatible with Waukesha CEC Ignition Module only. 
Detonation Sensing Module and DSM Filter are mounted and wired. 24V DC power is required. The DSM meets 
Canadian Standards Association Class I, Division 2, Group D, hazardous location requirements.

VGF48GL/GLD
VGF® Series Gas Enginator®

Generating System
610 - 860 kW

Waukesha Engine
 P48GL/GLD 
Cylinders
 V 16
Piston Displacement
 2924 cu. in.  
 (48 L)
Bore & Stroke
 5.98″ x 6.5″ 
 (152 x 165 mm)
Compression Ratio
 11:1

Jacket Water 
Capacity
 58 gal.  
 (219 L)
Starting System
 24V DC Electric
Fuel SLHV
  900 Btu/ft3 
 (35.3 MJ/m3)
Lube Oil Capacity
 113 gal.  
 (428 L)

 

Model VGF48GL/GLD 
Turbocharged and Intercooled, Lean Combus-
tion Gas Fueled Enginator

Enginator shown with options.



WAUKESHA ENGINE
DRESSER, INC.
1101 West St. Paul Avenue
Waukesha, WI 53188-4999
Phone: (262) 547-3311   Fax: (262) 549-2795
waukeshaengine.dresser.com
Bulletin 8072  0407

Waukesha, Enginator, Custom Engine Control, and VGF are trademarks/registered trademarks of Waukesha Engine, Dresser, Inc. All other trademarks, service marks, logos, slogans and tradenames are 
the properties of their respective owners. © 2007 Dresser, Inc.  All Rights Reserved

Consult your local Waukesha  Distributor for system 
application assistance. The manufacturer reserves the 
right to change or modify without notice, the design or 
equipment specifi cations as herein set forth without 
incurring any obligation either with respect to equipment 
previously sold or in the process of construction 
except where otherwise specifi cally guaranteed by the 
manufacturer. 

HEAT EXCHANGER COOLING
Intercooler Water: 130°F (54°C)

 Fuel Consumption x 1000 Btu/h (kW) 8195 (2402) 6645 (1947) 8560 (2508) 6940 (2033)
 Jacket Water x 1000 Btu/h (kW) 2105 (617) 1795 (526) 2155 (631) 1850 (542)
 Intercooler x 1000 Btu/h (kW) 523 (153) 359 (105) 566 (166) 397 (116)
 Lube Oil x 1000 Btu/h (kW) 257 (75) 190 (56) 262 (77) 191 (56)
 Heat Radiated x 1000 Btu/h (kW) 144 (42) 134 (39) 144 (42) 134 (39)
 Exhaust Heat** x 1000 Btu/h (kW) 2270 (665) 1775 (521) 2380 (697) 1850 (542)
 Exhaust Flow lb/h (kg/h) 10575 (4797) 8615 (3907) 11070 (5020) 9030 (4096)
 Exhaust Temperature °F (°C) 839 (448) 802 (428) 841 (449) 798 (425)
 Induction Air Flow scfm (m3/min) 2315 (59) 1885 (48) 2425 (62) 1975 (52)

PERFORMANCE DATA: VGF48GL/GLD GAS ENGINATOR GENERATING SYSTEM

kW RATING

Typical heat balance data is shown. Consult factory for guaranteed data.
*Continuous Power Rating: The highest electrical power output of the Enginator available for an 

unlimited number of hours per year, less maintenance. It is permissible to operate the Enginator 

with up to 10% overload for two hours in each 24 hour period.
Standby Power Rating: This rating applies to those systems used as a secondary source 

of electrical power. This rating is the electrical power output of the Enginator (no overload) 24 
hours a day, for the duration of the primary power source outage.

Rating Standard: The Waukesha Enginator power rating descriptions are in accordance to ISO 
8528, DIN6271 and BS5514. It is also valid for ISO 3046/1-1986 with an engine mechanical 
effi ciency of 90% and Tcra (clause 10.0) is limited to ± 10° F (5° C).

**Heat rejection based on cooling exhaust gas to 85° F (29° C).
*** Requires option code 1100.

 1800 rpm 1500 rpm 1800 rpm 1500 rpm
 60 Hz 50 Hz 60 Hz 50 Hz
 830*** 685*** 860 720

CONTINUOUS POWER* STANDBY POWER

WATER CONNECTION COOLING
Intercooler Water: 130°F (54°C)

kW RATING

 1800 rpm 1500 rpm 1800 rpm 1500 rpm
 60 Hz 50 Hz 60 Hz 50 Hz
 830*** 685*** 860 720

CONTINUOUS POWER* STANDBY POWER

RADIATOR COOLING - MOUNTED
Intercooler Water: 130°F (54°C)

kW RATING

 1800 rpm 1500 rpm 1800 rpm 1500 rpm
 60 Hz 50 Hz 60 Hz 50 Hz
 810*** 670*** 825 700

CONTINUOUS POWER* STANDBY POWER

Cooling 
Equipment L in (mm) W in (mm) H in (mm) Avg. Wt. lb (kg)
Heat Exchanger 184 (4680) 62 (1580) 90 (2290) 22500 (10200)
Water Cooler 162 (4120) 62 (2290) 90 (2290) 21000 (9530)
Radiator 212 (5390) 123 (3120) 136 (3450) 27000 (12250)

 Fuel Consumption x 1000 Btu/h (kW) 8195 (2402) 6645 (1947) 8560 (2508) 6940 (2033)
 Jacket Water x 1000 Btu/h (kW) 2105 (617) 1795 (526) 2155 (631) 1850 (542)
 Intercooler x 1000 Btu/h (kW) 523 (153) 359 (105) 566 (166) 397 (116)
 Lube Oil x 1000 Btu/h (kW) 257 (75) 190 (56) 262 (77) 191 (56)
 Heat Radiated x 1000 Btu/h (kW) 144 (42) 134 (39) 144 (42) 134 (39)
 Exhaust Heat** x 1000 Btu/h (kW) 2270 (665) 1775 (521) 2380 (697) 1850 (542)
 Exhaust Flow lb/h (kg/h) 10575 (4797) 8615 (3907) 11070 (5020) 9030 (4096)
 Exhaust Temperature °F (°C) 839 (448) 802 (428) 841 (449) 798 (425)
 Induction Air Flow scfm (m3/min) 2315 (59) 1885 (48) 2425 (62) 1975 (52)

 Fuel Consumption x 1000 Btu/h (kW) 8195 (2402) 6645 (1947) 8560 (2508) 6940 (2033)
 Jacket Water x 1000 Btu/h (kW) 2105 (617) 1795 (526) 2155 (631) 1850 (542)
 Intercooler x 1000 Btu/h (kW) 523 (153) 359 (105) 566 (166) 397 (116)
 Lube Oil x 1000 Btu/h (kW) 257 (75) 190 (56) 262 (77) 191 (56)
 Heat Radiated x 1000 Btu/h (kW) 144 (42) 134 (39) 144 (42) 134 (39)
 Exhaust Heat** x 1000 Btu/h (kW) 2270 (665) 1775 (521) 2380 (697) 1850 (542)
 Exhaust Flow lb/h (kg/h) 10575 (4797) 8615 (3907) 11070 (5020) 9030 (4096)
 Exhaust Temperature °F (°C) 839 (448) 802 (428) 841 (449) 798 (425)
 Induction Air Flow scfm (m3/min) 2315 (59) 1885 (48) 2425 (62) 1975 (52)
 Radiator Air Flow scfm (m3/min) 96500 (2733) 80000 (2266) 96500 (2733) 80000 (2266)



VHP5904LTD

Waukesha Engine
L5794LT
Four Cycle
Overhead Valve

Cylinders
V 12

Piston Displacement
5788 cu. in.
(95 L)

Bore & Stroke
8.5″ x 8.5″
(216 x 216 mm)

Compression Ratio
10.2:1

SPECIFICATIONS
Jacket Water
Capacity

107 gal.
(405 L)

Starting System
24V Electric

Fuel LHV
900 Btu/ft3
(33.5 J/cm3)

Lube Oil Capacity
90 gal.
(340 L)

VHP� Series Four ® Gas
Enginator ® Generating System
Featuring ESM® Technology
825 - 1175 kW

BASIC SPECIFICATIONS
AIR CLEANERS � Dry type with rain shield and service indicators.
BARRING DEVICE � Manual.
BEARINGS � Heavy duty, replaceable, precision type.
BREATHER � Closed system.
CONNECTING RODS � Forged steel, rifle drilled.
COOLING SYSTEM � Choice of mounted radiator with pusher fan, core guard and duct adaptor, heat

exchanger with surge tank, or connection for remote radiator cooling.
CONTROL SYSTEM - Waukesha Engine System Manager (ESM) integrates spark timing control, speed

governing, detonation protection, start-stop control, diagnostic tools, fault logging and engine safeties.
Engine Control Unit (ECU) is central brain of the control system and main customer interface. Interface with
ESM is through 25 foot (7.6 m) harness to local panel, through MODBUS RTU slave connection RS-485
multidrop hardware, and through the Electronic Service Program (ESP). Customer connections are only
required to the local panel, fuel valve, and for 24V DC power supply. Compatible with Woodward load
sharing module. ESM meets Canadian Standards Association Class I, Division 2, Group D, hazardous
location requirements.

CRANKCASE � Integral crankcase and cylinder frame.
CRANKSHAFT � Counterweighted, forged steel, hardened journals, dynamically balanced, with sealed

viscous vibration damper.
CYLINDER HEADS �Twelve interchangeable. Four valves per cylinder, with water cooled exhaust valve

seats. Roller valve lifters and hydraulic push rods. Flange mounted ignition coils.
CYLINDERS � 8.5″ (216 mm) bore x 8.5″ (216 mm) stroke. Removable wet cylinder liners. Number

of cylinders - Twelve.
ENGINATOR® BASE � Engine, generator and radiator or heat exchanger are mounted and

aligned on a welded steel, wide flange base, designed for solid mounting on an inertia
block, with standard through�base holes for lifting.

ELECTRONIC SERVICE PROGRAM (ESP) � Microsoft® Windows-based program
provided on CD-ROM for programming and interface to ESM. Includes E-Help for
troubleshooting any ESM faults. Serial harness is provided for connection of a
customer supplied laptop to the ECU RS-232 port.

ENGINE MONITORING DEVICES � Factory mounted and wired sensors for lube oil
pressure and temperature, intake manifold temperature and pressure, and jacket
water temperature, all accessible through ESM. ESM continually monitors combustion
performance through individual knock sensors to provide detonation protection. Dual
magnetic pick-ups are used for accurate engine speed monitoring. ESM provides advanced
diagnostics of engine and all ESM sensors and logs any faults into non-volatile flash memory.

EXHAUST SYSTEM � Water cooled exhaust manifold with single vertical exhaust at rear. Flexible stainless
steel exhaust connection 8″ (203 mm) long with 8″ (203 mm) outlet flange.

FUEL SYSTEM � Dual natural gas carburetors. Fisher gas regulators model 133L. 24 volt DC gas solenoid
valve (shipped loose). 12″ - 60 psi (304 mm - 4 bar) gas inlet pressure required.

GENERATOR � Open dripproof, direct connected, fan cooled, 2/3 pitch A.C. revolving field type, single
bearing generator with brushless exciter, short circuit sustain (PMG type maintains 270% of rated generator
current  for up to 10 seconds on 105° C temperature rise  generators; maintains 250% of current on 130° C
rise generators) and damper windings. TIF and Deviation Factor within NEMA MG-1.32. Voltage 480/277,
3 phase, 4 wire, Wye, 60 Hz and 400/220, 3 phase, 4 wire, Wye 50 Hz. Other voltages are available,
consult factory. Insulation material NEMA Class F. Temperature rise within NEMA (105° C) for continuous
power duty, within NEMA (130° C) for standby duty. All generators are rated 0.8 Power Factor, are
mounted on the engine flywheel housing and have multiple steel disc flexible coupling drive.

GOVERNOR - Electric throttle actuator controlled by ESM with throttle position feedback. Governor tuning is
performed using ESP. ESM includes option of a load-coming feature to improve engine response to step loads.

IGNITION SYSTEM - Ignition Power Module Diagnostics (IPM -D) controlled by ESM, with spark timing optimized
for varying speed-load conditions. Dual voltage energy levels automatically controlled by ESM to maximize
spark plug life and improve starting. The diagnostics feature of ESM can be used to help monitor spark plug
life via predictive maintenance.

INTERCOOLER � Air to water.
JUNCTION BOXES � Separate AC, DC, and instrument/thermocouple junction boxes for engine wiring and

external connections.
LUBRICATION � Full pressure positive displacement pump. Full flow oil filter (shipped loose) and flexible

connections (shipped loose). Microspin® bypass filter mounted and piped. 50 or 60 Hz, 230 volt AC, single
phase electric motor driven intermittent prelube pump with motor starter (other voltages can be specified).

OIL COOLER � Shell and tube type. (Mounted).
OIL PAN � Cast alloy iron base type with removable doors.
PAINT � Oilfield Orange.
PISTONS � Aluminum with floating pin. Oil cooled.
STARTING EQUIPMENT � Two 24VDC electric starting motors, crank termination switch. (Shipped loose.)
TURBOCHARGERS � Two with water-cooled bearing housing, wastegate controlled.
VOLTAGE REGULATOR � SCR static automatic type providing 1% regulation from no load to full load. Single

phase sensing. Includes voltage adjustment rheostat and automatic subsynchronous speed protection.
WATER CIRCULATING SYSTEM

Auxiliary Circuit � For oil cooler and intercooler. Pump is belt driven from crankshaft pulley. Includes
thermostatic valve.
Engine Jacket � Belt driven water pump, 175 � 180° F (79 � 82° C) thermostatic temperature regulation
with full flow bypass. Single ANSI flange connections for inlet and outlet on water connect units.

Model  VHP5904LTD
Turbocharged and Intercooled, Lean Combustion
Gas Fueled Enginator

Enginator shown with options.



WAUKESHA POWER SYSTEMS
WAUKESHA ENGINE
DRESSER, INC.
1000 West St. Paul Avenue
Waukesha, WI 53188-4999
Phone: (262) 547-3311   Fax: (262) 549-2795
waukeshaengine.dresser.com
Bulletin 7020 0803

WAUKESHA ENGINE
DRESSER INDUSTRIAL PRODUCTS, B.V.
Farmsumerweg 43, Postbus 330
9900 AH Appingedam, The Netherlands
Phone: (31) 596-652222    Fax: (31) 596-628111

Consult your local Waukesha Distributor for system
application assistance. The manufacturer reserves the right
to change or modify without notice, the design or equipment
specifications as herein set forth without incurring any
obligation either with respect to equipment previously sold
or in the process of construction except where otherwise
specifically guaranteed by the manufacturer.

HEAT EXCHANGER COOLING
Intercooler Water: 85°F (29°C)

PERFORMANCE DATA: VHP5904LTD GAS ENGINATOR® GENERATING SYSTEM

kW RATING

Typical heat balance data is shown. Consult factory for guaranteed data.
Continuous Power Rating: The highest electrical power output of the Enginator available for an unlimited number of hours per year, less maintenance. It is permissible to operate the 60

Hz Enginator with up to 10% overload for two hours in each 24 hour period.
Standby Power Rating: This rating applies to those systems used as a secondary source of electrical power. This rating is the electrical power output of the Enginator (no overload) 24

hours a day, for the duration of the primary power source outage.
Rating Standard: The Waukesha Enginator  power rating descriptions are in accordance to ISO 8528, DIN6271 and BS5514. It is also valid for ISO 3046/1-1995 with an engine

mechanical efficiency of 90% and Tcra (clause 10.0) is limited to ± 10° F (5° C).
*No overload.

RADIATOR COOLING - MOUNTED
Intercooler Water: 130°F (54°C)
kW RATING

Cooling
Equipment L in (mm) W in (mm) H in (mm) Avg. Wt. lb (kg)
Heat Exchanger 242 (6146) 82 (2093) 110 (2799) 39000 (17687)
Water Connection 213 (5410) 82 (2093) 110 (2770) 38000 (17233)
Radiator 263 (6680) 122 (3100) 152 (3861) 46000 (20862)

Waukesha, Enginator, Series Four, ESM, Microspin and VHP are trademarks/registered trademarks of Waukesha Engine, Dresser, Inc. All other trademarks, service marks, logos, slogans and trade names are the
properties of their respective owners. Copyright 2003 Dresser, Inc.

Fuel Consumption x 1000 Btu/h (kW) 11473 (3363) 9529 (2792)
Jacket Water x 1000 Btu/h (kW) 2690 (789) 2296 (673)
Lube Oil x 1000 Btu/h (kW) 521 (153) 424 (124)
Intercooler x 1000 Btu/h (kW) 675 (198) 475 (139)
Heat Radiated x 1000 Btu/h (kW) 451 (132) 432 (127)
Exhaust Energy x 1000 Btu/h (kW) 3486 (1022) 2851 (836)
Exhaust Flow lb/h (kg/h) 14921 (6768) 12390 (5620)
Exhaust Temperature °F (°C) 895 (480) 878 (470)
Induction Air Flow scfm (m3/min) 3323 (5004) 2759 (4155)

1200 rpm 1000 rpm
60 Hz 50 Hz

1075 kW* 900 kW

CONTINUOUS POWER

WATER CONNECTION COOLING
Intercooler Water: 130°F (54°C)
kW RATING

Fuel Consumption x 1000 Btu/h (kW) 10788 (3163) 9408 (2756)
Jacket Water x 1000 Btu/h (kW) 2648 (776) 2357 (691)
Lube Oil x 1000 Btu/h (kW) 479 (140) 396 (116)
Intercooler x 1000 Btu/h (kW) 491 (144) 382 (112)
Heat Radiated x 1000 Btu/h (kW) 445 (131) 430 (126)
Exhaust Energy x 1000 Btu/h (kW) 3239 (949) 2789 (818)
Exhaust Flow lb/h (kg/h) 14029 (6364) 12232 (5548)
Exhaust Temperature °F (°C) 888 (476) 875 (469)
Induction Air Flow scfm (m3/min) 3124 (4705) 2724 (4102)

1200 rpm 1000 rpm
60 Hz 50 Hz

1025 kW 900 kW

CONTINUOUS POWER

Fuel Consumption x 1000 Btu/h (kW) 10788 (3163) 9408 (2756)
Jacket Water x 1000 Btu/h (kW) 2648 (776) 2357 (691)
Lube Oil x 1000 Btu/h (kW) 479 (140) 396 (116)
Intercooler x 1000 Btu/h (kW) 491 (144) 382 (112)
Heat Radiated x 1000 Btu/h (kW) 445 (131) 430 (126)
Exhaust Energy x 1000 Btu/h (kW) 3239 (949) 2789 (818)
Exhaust Flow lb/h (kg/h) 14029 (6364) 12232 (5548)
Exhaust Temperature °F (°C) 888 (476) 875 (469)
Induction Air Flow scfm (m3/min) 3124 (4705) 2724 (4102)
Radiator Air Flow scfm (m3/min) 100000 (2832) 85000 (2407)

1200 rpm 1000 rpm
60 Hz 50 Hz

990 kW 860 kW

CONTINUOUS POWER



SPECIFICATIONS

BASIC SPECIFICATIONS
AIR CLEANERS – Two, 3” dry type fi lter with hinged rain shield and service indicator.
BARRING DEVICE – Manual.
BEARINGS – Heavy duty, replaceable, precision type.
BREATHER – Self regulating, closed system.
CONNECTING RODS – Forged steel, rifl e drilled.
CONTROL SYSTEM – Waukesha Engine System Manager (ESM®) integrates spark timing control, speed governing, 

start-stop control, diagnostic tools, fault logging and engine safeties. Engine Control Unit (ECU) is central brain 
of the control system and main customer interface. Interface with ESM is through 25 foot (7.6 m) harness to local 
panel, through MODBUS RTU slave connection RS-485 multidrop hardware, and through the Electronic Service 
Program (ESP). Customer connections are only required to the local panel, fuel valve, and for 24V DC power sup-
ply. ESM meets Canadian Standards Association Class I, Division 2, Group D, hazardous location requirements. 
Includes 25 ft. customer interface harnesses.

COOLING SYSTEM – Choice of mounted radiator with pusher fan, core guard and duct adapter, heat exchanger with 
expansion tank, or connection for remote radiator cooling.

CRANKCASE – Integral crankcase and cylinder frame.
CRANKSHAFT – Counterweighted, forged steel, hardened journals, dynamically balanced, with sealed viscous vibra-

tion damper.
CYLINDER HEADS – Interchangeable valve–in–head type. Two hard faced intake and two hard faced inconel 

exhaust valves per cylinder. Hard faced intake and exhaust valve seat inserts. Includes prechamber.
CYLINDERS – 9.375″ (238 mm) bore x 8.5″ (216 mm) stroke. Removable wet cylinder liners. Number of 

cylinders - Twelve.
ELECTRONIC SERVICE PROGRAM (ESP) – Microsoft® Windowsbased program provided on CD-ROM 

for programming and interface to ESM. Includes E-Help for troubleshooting any ESM faults. Serial 
harness is provided for connection of a customer supplied laptop to the ECU RS-232 port.

ENGINATOR BASE – Engine, generator and radiator or heat exchanger are mounted and 
aligned on a welded steel, wide fl ange base, suitable for solid or isolator mounting, with base 
lifting eyes.

ENGINE MONITORING DEVICES – Factory mounted and wired sensors for lube oil pressure 
and temperature, intake manifold temperature and pressure, and jacket water temperature, 
all accessible through ESM. ESM continually monitors combustion performance through 
accelerometers to provide detonation protection. Dual magnetic pick-ups are used for ac-
curate engine speed monitoring. ESM provides advanced diagnostics of engine and all ESM 
sensors and logs any faults into non-volatile fl ash memory. Exhaust thermocouples 14 points 
with 25 ft. customer interface harness.

EXHAUST SYSTEM - Water cooled exhaust manifold with single vertical exhaust at rear. Flexible stainless 
steel exhaust connection 8″ (203 mm) long with 8″ (203 mm) outlet fl ange.

FUEL SYSTEM – Two natural gas 4″ updraft carburetors, two Mooney Flowgrid 250 gas regulators, one 2″ NPT 
fl exible connection (shipped loose), and one 2″ NPT Magnatrol gas solenoid valve (shipped loose). Fuel pressure 
– 43 PSIG minimum and 50 PSIG maximum. Prechamber fuel system control logic.

GENERATOR - Open, dripproof, direct connected, fan cooled, 2/3 pitch A.C. revolving fi eld type, single bearing 
generator with brushless exciter, short circuit sustain (PMG type maintains 270% of rated generator current for up 
to 10 seconds on 105 ° C temperature rise generators; maintains 250% of current on 130 ° C rise generators) and 
damper windings. TIF and Deviation Factor within NEMA MG-1.32. Voltage 480/277, 3 phase, 4 wire, Wye, 60 Hz 
and 400/220, 3 phase, 4 wire, Wye 50 Hz. Other voltages are available, consult factory. Insulation material NEMA 
Class F. Temperature rise within NEMA (105° C) for continuous power duty, within NEMA (130° C) for standby 
duty. All generators are rated 0.8 Power Factor, are mounted on the engine fl ywheel housing and have multiple 
steel disc fl exible coupling drive.

GOVERNOR – Electric throttle actuator controlled by ESM with throttle position feedback. Governor tuning is per-
formed using ESP. ESM includes option of a load-coming feature to improve engine response to step loads.

IGNITION SYSTEM – Ignition Power Module Diagnostics (IPM-D) controlled by ESM, with spark timing optimized for 
any speed-load condition. Dual voltage energy levels automatically controlled by ESM to maximize spark plug life.

INTERCOOLER – Air to water.
JUNCTION BOXES – Separate AC and DC junction boxes for Enginator wiring and external connections.
LUBRICATION – Full pressure, gear type pump. Engine mounted full fl ow lube oil micro-fi berglass fi lters with 

mounted differential pressure gauge. Microspin® bypass fi lter, engine mounted. 50 or 60 Hz, 230 volt AC, single 
phase electric motor driven intermittent prelube pump with motor starter (other voltages can be specifi ed). Note: 
External control logic required to start/stop prelube pump.

OIL COOLER – Shell and tube type (mounted).
OIL PAN – Deep sump type. 190 gallon (719 L) capacity including fi lter and cooler.
PAINT – Oilfi eld Orange.
PISTONS – Aluminum with fl oating pin. Oil cooled.
STARTING EQUIPMENT – Two 24VDC electric starting motors.
TURBOCHARGERS – Dry type, wastegate controlled.
VOLTAGE REGULATOR (shipped loose) – SCR static automatic type providing 1% regulation from no load to full 

load, 3 phase sensing and automatic subsynchronous speed protection. Includes voltage adjustment rheostat 
(shipped loose).

WATER CIRCULATING SYSTEM, AUXILIARY CIRCUIT – Belt driven water circulating high capacity pump for inter-
cooler and lube oil cooler. See S6543-38 performance curve for use with standard 10″ diameter crankshaft pulley. 
Includes thermostatic valve.

WATER CIRCULATING SYSTEM, ENGINE JACKET – Belt driven water pump, 175 – 180° F (79 – 82° C) thermo-
static temperature regulation with full fl ow bypass. Single ANSI fl ange connections for inlet and outlet on water 
connect units.

VHP® Gas Enginator® 

Generating System
Featuring ESM® Technology
845 - 1210 kW

Enginator shown with options, but without 
Extender Series features

VHP7100GL

Waukesha Engine
 7042GL, 
 Four Cycle, 
 Overhead Valve
Cylinders
 V 12
Piston Displacement
 7040 cu. in.  
 (115 L)
Bore & Stroke
 9.375″ x 8.5″ 
 (238 x 216 mm)
Compression Ratio
 10.5:1

Jacket Water 
Capacity
 100 gal.  
 (379 L)
Starting System
 24V Electric
Fuel LHV
  900 Btu/ft3 
 (33.5 J/cm3)
Lube Oil Capacity
 190 gal.  
 (719 L)

 

Model  VHP7100GL 
Turbocharged and Intercooled, Lean Combus-
tion Gas Fueled Enginator
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DRESSER, INC.
1101 West St. Paul Avenue
Waukesha, WI 53188-4999
Phone: (262) 547-3311   Fax: (262) 549-2795
waukeshaengine.dresser.com
Bulletin 8016  0207

Waukesha, Enginator, ESM, and VHP  are trademarks/registered trademarks of Waukesha Engine, Dresser, Inc. All other trademarks, service marks, logos, slogans and tradenames are the properties of 
their respective owners. © 2007 Dresser, Inc.  All Rights Reserved

Consult your local Waukesha  Distributor for system 
application assistance. The manufacturer reserves the 
right to change or modify without notice, the design or 
equipment specifi cations as herein set forth without 
incurring any obligation either with respect to equipment 
previously sold or in the process of construction 
except where otherwise specifi cally guaranteed by the 
manufacturer. 

HEAT EXCHANGER COOLING
Intercooler Water: 85°F (29°C)

 Fuel Consumption x 1000 Btu/h (kW)   11390 (3338) 9339 (2737) 12290 (3602) 10196 (2988)
 Jacket Water x 1000 Btu/h (kW)   2678 (785) 2335 (684) 2840 (832) 2498 (732)
 Lube Oil x 1000 Btu/h (kW)   450 (132) 413 (121) 460 (135) 433 (127)
 Intercooler x 1000 Btu/h (kW)   760 (223) 645 (189) 840 (246) 747 (219)
 Heat Radiated x 1000 Btu/h (kW)   443 (130) 455 (133) 421 (124) 429 (126)
 Exhaust Energy** x 1000 Btu/h (kW)   3306 (969) 2352 (689) 3600 (1055) 2626 (770)
 Exhaust Flow lb/h (kg/h)   16596 (7528) 13420 (6087) 17910 (8124) 14851 (6736)
 Exhaust Temperature °F (°C)   791 (422) 712 (378) 800 (427) 720 (382)
 Induction Air Flow scfm (nm3/hr)   3730 (5990) 3061 (4920) 4030 (6480) 3337 (5360)

PERFORMANCE DATA: VHP7100GL GAS ENGINATOR GENERATING SYSTEM

  1200 rpm 1000 rpm 1200 rpm 1000 rpm
  60 Hz 50 Hz 60 Hz 50 Hz
  1100 920 1210 1015

CONTINUOUS POWER* STANDBY POWER

kW RATING

 Fuel Consumption x 1000 Btu/h (kW)   10750 (3151) 8600 (2521) 11650 (3415) 9335 (2736)
 Jacket Water x 1000 Btu/h (kW)   2815 (825) 2235 (655) 3010 (882) 2400 (703)
 Lube Oil x 1000 Btu/h (kW)   430 (126) 340 (100) 449 (132) 358 (105)
 Intercooler x 1000 Btu/h (kW)   543 (159) 368 (108) 616 (180) 452 (132)
 Heat Radiated x 1000 Btu/h (kW)   328 (96) 305 (89) 332 (97) 308 (90)
 Exhaust Energy** x 1000 Btu/h (kW)   3085 (904) 2380 (697) 3370 (988) 2580 (756)
 Exhaust Flow lb/h (kg/h)   15890 (7209) 12715 (5768) 17200 (7830) 13825 (6273)
 Exhaust Temperature °F (°C)   709 (376) 679 (360) 719 (381) 683 (362)
 Induction Air Flow scfm (nm3/hr)   3500 (5620) 2800 (4500) 3800 (6110) 3045 (4890)

WATER CONNECTION COOLING
Intercooler Water: 130°F (54°C)

  1200 rpm 1000 rpm 1200 rpm 1000 rpm
  60 Hz 50 Hz 60 Hz 50 Hz
  1050 875 1155 965

CONTINUOUS POWER* STANDBY POWER

kW RATING

Typical heat balance data is shown. Consult factory for guaranteed data.
*Continuous Power Rating: The highest electrical power output of the Enginator 

available for an unlimited number of hours per year, less maintenance. It is permissible to 
operate the Enginator with up to 10% overload for two hours in each 24 hour period.

Standby Power Rating: This rating applies to those systems used as a secondary source 
of electrical power. This rating is the electrical power output of the Enginator (no overload) 
24 hours a day, for the duration of the primary power source outage.

Rating Standard: The Waukesha Enginator  power rating descriptions are in accordance 
to ISO 8528, DIN6271 and BS5514. It is also valid for ISO 3046/1-1986 with an engine 
mechanical effi ciency of 90% and Tcra (clause 10.0) is limited to ± 10° F (5° C).

**Heat rejection based on cooling exhaust gas to 85° F (29° C).

 Fuel Consumption x 1000 Btu/h (kW)   10750 (3151) 8600 (2521) 11650 (3415) 9335 (2736)
 Jacket Water x 1000 Btu/h (kW)   2815 (825) 2235 (655) 3010 (882) 2400 (703)
 Lube Oil x 1000 Btu/h (kW)   430 (126) 340 (100) 449 (132) 358 (105)
 Intercooler x 1000 Btu/h (kW)   543 (159) 368 (108) 616 (180) 452 (132)
 Heat Radiated x 1000 Btu/h (kW)   328 (96) 305 (89) 332 (97) 308 (90)
 Exhaust Energy** x 1000 Btu/h (kW)   3085 (904) 2380 (697) 3370 (988) 2580 (756)
 Exhaust Flow lb/h (kg/h)   15890 (7209) 12715 (5768) 17200 (7830) 13825 (6273)
 Exhaust Temperature °F (°C)   709 (376) 679 (360) 719 (381) 683 (362)
 Induction Air Flow scfm (nm3/hr)   3500 (5620) 2800 (4500) 3800 (6110) 3045 (4890)
 Radiator Air Flow scfm (m3/min)   100000 (2680) 85000 (2280) 97000 (2600) 86000 (2300)

RADIATOR COOLING - MOUNTED
Intercooler Water: 130°F (54°C)   1200 rpm 1000 rpm 1200 rpm 1000 rpm

  60 Hz 50 Hz 60 Hz 50 Hz
  1025 845 1130 930

CONTINUOUS POWER* STANDBY POWER

kW RATING

Cooling 
Equipment L in (mm) W in (mm) H in (mm) Avg. Wt. lb (kg)
Heat Exchanger 235 (5970) 85 (2160) 103 (2620) 40000 (18140)
Water Connection 205 (5208) 85 (2160) 103 (2620) 38000 (17230)
Radiator 260 (6600) 124 (3150) 160 (4060) 46000 (20860)



BASIC SPECIFICATIONS
AIR CLEANERS – Dry type with rain shield and service indicators.
BARRING DEVICE – Manual.
BEARINGS – Heavy duty, replaceable, precision type.
BREATHER – Ejector type, extractor breather system.
CONNECTING RODS – Forged steel, rifl e drilled.
COOLING SYSTEM – Choice of heat exchanger with expansion tank, or connection for remote radiator cooling.
CRANKCASE – Integral crankcase and cylinder frame.
CRANKSHAFT – Counterweighted, forged steel, hardened journals, dynamically balanced, with sealed viscous vibra-

tion damper.
CYLINDER HEADS – Interchangeable valve-in-head type. Two hard faced intake and two hard faced inconel exhaust 

valves per cylinder. Hard faced intake and exhaust valve seat inserts. Includes prechamber.
CYLINDERS – 9.375″ (238 mm) bore x 8.5″ (216 mm) stroke. Removable wet cylinder liners. Number of cylinders 

– Sixteen.
ENGINATOR BASE – Engine, generator and heat exchanger (if specifi ed) are mounted and aligned on a welded 

steel, wide fl ange base, designed for solid mounting on an inertia block, with standard base lifting eyes.
ENGINE PROTECTION SHUTDOWN CONTACTS – For high water temperature, low oil pressure, high intake mani-

fold temperature and overspeed (electronic speed switch – shipped loose). Use in conjunction with a DC control 
panel for unit shutdown, (reference Engomatic® controls). Note: DC shutdown control 
panel is not supplied as standard.

EXHAUST SYSTEM – Water cooled exhaust manifold with single vertical exhaust at center. 
Flexible stainless steel exhaust connection 8″ (203 mm) long with 14″ (356 mm) outlet 
fl ange.

FUEL SYSTEM – Two natural gas 4″ downdraft carburetors, two Mooney Flowgrid 250 gas 
regulators, one 2″ NPT fl exible connection (shipped loose), and one 2″ NPT Magnatrol 
gas solenoid valve (shipped loose). Fuel pressure – 43 PSIG minimum and 50 PSIG 
maximum. Prechamber fuel system control logic.

GENERATOR – Open, dripproof, direct connected, fan cooled, 2/3 pitch, A.C. revolving fi eld 
type, two bearing generator with fl exible coupling, brushless exciter, short circuit sustain 
(PMG type maintains 270% of rated generator current for up to 10 seconds on 105° C tem-
perature rise generators; maintains 250% of current on 130° C rise generators)and damper 
windings. TIF and Deviation Factor within NEMA MG-1.32. Voltage 480/277, 3 phase, 4 
wire, Wye, 60 Hz and 400/220, 3 phase, 4 wire, Wye 50 Hz. Other voltages are available, 
consult factory. Insulation material NEMA Class F. Temperature rise within NEMA (105° C) for continuous 
power duty, within NEMA (130° C) for standby duty. All generators are rated 0.8 Power Factor.

GOVERNOR – Woodward Model EG-10P electric actuator (mounted), magnetic pickup (mounted) and a separate 
electric governor control, Woodward Model 2301D (shipped loose).

IGNITION – Waukesha Custom Engine Control Ignition Module. Electronic digital ignition system.
INSTRUMENT CONNECTIONS – Engine mounted, junction box includes ungrounded type K thermocouples for 

jacket water temperature, lube oil temperature, and exhaust temperatures. A single header block for lube oil pres-
sure and intake manifold pressure is engine mounted. (Add Codes 6940A and 6940B if additional pressure points 
are required). Instruments and panel are by others. Recommend optional Model 4000 remote engine instrument 
panel, especially for continuous power installations.

INSTRUMENT PANEL – Engine mounted, includes water temperature, oil temperature, oil pressure, intake manifold 
temperature, and intake manifold pressure–vacuum gauge. All temperature sensors have thermowells. Exhaust 
temperature thermocouples, Type “K”, are included. Two engine mounted run– stop pushbuttons are supplied. 
Recommend optional Model 4000 free standing panel for continuous power installations.

INTERCOOLER – Air to water.
JUNCTION BOXES – Separate AC, DC and instrument/thermocouple junction boxes for engine wiring and external 

connections.
LUBRICATION – Full pressure positive displacement pump. Full fl ow oil fi lter (shipped loose) and fl exible connections 

(shipped loose). 50 or 60 Hz, 230 volt AC, single phase electric motor driven intermittent prelube pump with motor 
starter (other voltages can be specifi ed). Note: External control logic required to start/stop prelube pump.

OIL COOLER – Shell and tube type (mounted).
OIL PAN – Cast alloy iron base type with removable doors.
PAINT – Oilfi eld Orange.
PISTONS – Aluminum with fl oating pin. Oil cooled.
STARTING EQUIPMENT – One air starter with strainer and lubricator. Includes 24 VDC solenoid valve for remote 

start provision and crank termination switch (shipped loose).
TURBOCHARGERS – Dry type, wastegate controlled.
VOLTAGE REGULATOR – Shipped Loose – SCR static automatic type providing 1% regulation from no load to full 

load, 3 phase sensing and automatic subsynchronous speed protection. Includes voltage adjustment rheostat 
(shipped loose).

WATER CIRCULATING SYSTEM, AUXILIARY CIRCUIT – Belt driven water circulating high capacity pump for inter-
cooler and lube oil cooler. See S6535-14 performance curve for use with standard 10″ diameter crankshaft pulley. 
Includes thermostatic valve.

WATER CIRCULATING SYSTEM, ENGINE JACKET – Belt driven water pump, 175 – 180° F (79 – 82° C) thermo-
static temperature regulation with full fl ow bypass. Single ANSI fl ange connections for inlet and outlet on water 
connect units.

VHP®  Gas Enginator® 

Generating System
1175 - 1625 kW

VHP9500GL

Waukesha Engine
 P9390GL, 
 Four Cycle, 
 Overhead Valve
Cylinders
 V 16
Piston Displacement
 9388 cu. in.  
 (154 L)
Bore & Stroke
 9.375" x 8.5″ 
 (238 x 216 mm)
Compression Ratio
 10.5:1

SPECIFICATIONS
Jacket Water 
Capacity
 148 gal.  
 (560 L)
Starting System
 150 psi air
Fuel LHV
  900 Btu/ft3 
 (33.5 J/cm3)
Lube Oil Capacity
 155 gal.  
 (587 L)
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Consult your local Waukesha  Distributor for system 
application assistance. The manufacturer reserves the 
right to change or modify without notice, the design or 
equipment specifi cations as herein set forth without 
incurring any obligation either with respect to equipment 
previously sold or in the process of construction 
except where otherwise specifi cally guaranteed by the 
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HEAT EXCHANGER COOLING
Intercooler Water: 85°F (29°C)

 Fuel Consumption x 1000 Btu/h (kW)   14987 (4392) 12381 (3629) 16272 (4769) 13420 (3933)
 Jacket Water x 1000 Btu/h (kW)   3611 (1058) 3177 (931) 3874 (1135) 3413 (1000)
 Intercooler x 1000 Btu/h (kW)   1018 (298) 854 (250) 1157 (339) 981 (288)
 Lube Oil x 1000 Btu/h (kW)   673 (197) 557 (163) 699 (205) 581 (170)
 Heat Radiated x 1000 Btu/h (kW)   432 (127 467 (137) 511 (150) 495 (145)
 Exhaust Energy** x 1000 Btu/h (kW)   4220 (1237) 3146 (922) 4487 (1315) 3344 (980)
 Exhaust Flow lb/h (kg/h)   21067 (9556) 17497 (7937) 22757 (10323) 18743 (8502)
 Exhaust Temperature °F (°C)   761 (405) 669 (354) 753 (401) 676 (358)
 Induction Air Flow scfm (nm3/hr)   4739 (7620) 3939 (6330) 5119 (8230) 4217 (6780)

PERFORMANCE DATA: VHP9500GL GAS ENGINATOR GENERATING SYSTEM

  1200 rpm 1000 rpm 1200 rpm 1000 rpm
  60 Hz 50 Hz 60 Hz 50 Hz
  1475 1225 1625 1350

STANDBY POWER

kW RATING

 Fuel Consumption x 1000 Btu/h (kW)   14133 (4142) 11788 (3455) 15318 (4489) 12788 (3748)
 Jacket Water x 1000 Btu/h (kW)   3428 (1005) 3140 (920) 3671 (1076) 3370 (988)
 Intercooler x 1000 Btu/h (kW)   760 (223) 642 (188) 880 (258) 746 (219)
 Lube Oil x 1000 Btu/h (kW)   620 (182) 521 (153) 643 (188) 545 (160)
 Heat Radiated x 1000 Btu/h (kW)   541 (159) 493 (144) 629 (184) 516 (151)
 Exhaust Energy** x 1000 Btu/h (kW)   4007 (1174) 2983 (874) 4241 (1243) 3192 (936)
 Exhaust Flow lb/h (kg/h)   19957 (9052) 16672 (7562) 21476 (9742) 17981 (8156)
 Exhaust Temperature °F (°C)   763 (406) 675 (357) 756 (402) 681 (361)
 Induction Air Flow scfm (nm3/hr)   4490 (7220) 3752 (6030) 4831 (7760) 4046 (6500)

WATER CONNECTION COOLING
Intercooler Water: 130°F (54°C)   1200 rpm 1000 rpm 1200 rpm 1000 rpm

  60 Hz 50 Hz 60 Hz 50 Hz
  1400 1175 1540 1295

 CONTINUOUS POWER* STANDBY POWER

kW RATING

Typical heat balance data is shown. Consult factory for guaranteed data.
*Continuous Power Rating: The highest electrical power output of the Enginator

available for an unlimited number of hours per year, less maintenance. It is permissible to operate the Enginator  with up to 10% overload for two hours in each 24 hour period.
Standby Power Rating: This rating applies to those systems used as a secondary source of electrical power. This rating is the electrical power output of the Enginator (no overload) 24 hours a 

day, for the duration of the primary power source outage.
Rating Standard: The Waukesha Enginator  power rating descriptions are in accordance to ISO 8528, DIN6271 and BS5514. It is also valid for ISO 3046/1-1986 with an engine mechanical 

effi ciency of 90% and auxiliary water temperature Tcra (clause 10.0) is limited to ± 10° F (5° C).
**Heat rejection based on cooling exhaust gas to 85° F (29° C).

Cooling 
Equipment L in (mm) W in (mm) H in (mm) Avg. Wt. lb (kg)
Heat Exchanger 290 (7370) 92 (2340) 130 (3300) 48250 (21040)
Water Connection 265 (6730) 87 (2210) 130 (3300) 46750 (21200)

 CONTINUOUS POWER*
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Appendix E:  Combustion Gas Turbine 
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Appendix F:  Microturbine 
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Capstone Capstone Turbine Corporation • 21211 Nordhoff Street • Chatsworth • CA 91311 • USA 
Phone: (818) 734-5300 • Fax: (818) 734-5320 • Web: www.microturbine.com 

Technical Reference 
Capstone MicroTurbine™ Systems Emissions 

Summary 
Capstone MicroTurbine™ systems are inherently clean and can meet some of the strictest 
emissions standards in the world.  This technical reference is to provide customers with 
information that may be requested by local air permitting organizations or to compare air 
quality impacts of different technologies for a specific project.  The preferred units of measure 
are “output based”; meaning that the quantity of a particular exhaust emission is reported 
relative to the useable output of the microturbine – typically in pounds per megawatt hour for 
electrical generating equipment.  This technical reference also provides volumetric 
measurements in parts per million and milligrams per normal cubic meter.  A conversion 
between several common units is also provided. 

Maximum Exhaust Emissions at ISO Conditions 
Table 1 below summarizes the exhaust emissions at full power and ISO conditions for 
different Capstone microturbine models.  Note that the fuel can have a significant impact on 
certain emissions.  For example landfill and digester gas can be made up of a wide variety of 
fuel elements and impurities, and typically contains some percentage of carbon dioxide 
(CO2).  This CO2 dilutes the fuel, makes complete combustion more difficult, and results in 
higher carbon monoxide emissions (CO) than for pipeline-quality natural gas. 

Table 1.  Emission for Different Capstone Microturbine Models in [lb/MWhe] 

Model Fuel NOx CO VOC (5)

C30 NG Natural Gas (1) 0.64 1.8 0.23

CR30 MBTU Landfill Gas (2) 0.64 22.0 1.00

CR30 MBTU Digester Gas (3) 0.64 11.0 1.00

C30 Liquid Diesel #2 (4) 2.60 0.41 0.23

C65 NG Standard Natural Gas (1) 0.46 1.25 0.10

C65 NG Low NOx Natural Gas (1) 0.17 1.30 0.10

C65 NG CARB Natural Gas (1) 0.17 0.24 0.05

CR65 Landfill Landfill Gas (2) 0.46 4.0 0.10

CR65 Digester Digester Gas (3) 0.46 4.0 0.10

C200 NG Natural Gas (1) 0.40 1.10 0.10

C200 NG CARB Natural Gas (1) 0.14 0.20 0.04

CR200 Digester Digester Gas (3) 0.40 3.6 0.10  
Notes: 
(1)  Emissions for standard natural gas at 1,000 BTU/scf (HHV) or 39.4 MJ/m3 (HHV) 
(2)  Emissions for surrogate gas containing 42% natural gas, 39% CO2, and 19% Nitrogen 
(3)  Emissions for surrogate gas containing 63% natural gas and 37% CO2 
(4)  Emissions for Diesel #2 according to ASTM D975-07b  
(5)  Expressed as Methane 
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Table 2 provides the same output-based information shown in Table 1, but expressed in 
grams per horsepower hour (g/hp-hr).   
 
Table 2.  Emission for Different Capstone Microturbine Models in [g/hp-hr] 

Model Fuel NOx CO VOC (5)

C30 NG Natural Gas (1) 0.22 0.60 0.078

CR30 MBTU Landfill Gas (2) 0.22 7.4 0.340

CR30 MBTU Digester Gas (3) 0.22 3.7 0.340

C30 Liquid Diesel #2 (4) 0.90 0.14 0.078

C65 NG Standard Natural Gas (1) 0.16 0.42 0.034

C65 NG Low NOx Natural Gas (1) 0.06 0.44 0.034

C65 NG CARB Natural Gas (1) 0.06 0.08 0.017

CR65 Landfill Landfill Gas (2) 0.16 1.4 0.034

CR65 Digester Digester Gas (3) 0.16 1.4 0.034

C200 NG Natural Gas (1) 0.14 0.37 0.034

C200 NG CARB Natural Gas (1) 0.05 0.07 0.014

CR200 Digester Digester Gas (3) 0.14 1.3 0.034  
Notes: - same as for Table 1 

Emissions may also be reported on a volumetric basis, with the most common unit of 
measurement being parts per million.  This is typically a measurement that is corrected to 
specific oxygen content in the exhaust and without considering moisture content.  The 
abbreviation for this unit of measurement is “ppmvd” (parts per million by volume, dry) and is 
corrected to 15% oxygen for electrical generating equipment such as microturbines.  The 
relationship between an output based measurement like pounds per MWh and a volumetric 
measurement like ppmvd depends on the characteristics of the generating equipment and 
the molecular weight of the criteria pollutant being measured.  Table 3 expresses the 
emissions in ppmvd at 15% oxygen for the Capstone microturbine models shown in Table 1.  
Note that raw measurements expressed in ppmv will typically be lower than the corrected 
values shown in Table 3 because the microturbine exhaust has greater than 15% oxygen. 
 
Another volumetric unit of measurement expresses the mass of a specific criteria pollutant 
per standard unit of volume.  Table 4 expresses the emissions in milligrams per normal cubic 
meter at 15% oxygen.  Normal conditions for this purpose are expresses as one atmosphere 
of pressure and zero degrees Celsius.   Note that both the ppmvd and mg/m3 measurements 
are for specific oxygen content.  A conversion can be made to adjust either unit of 
measurement to other reference oxygen contents, if required.   Use the equation below to 
convert from one reference oxygen content to another: 
 

(20.9 – New O2 Percent) 
Emissions at New O2 =  

(20.9 – Current O2 Percent)
X Emissions at Current O2 

 

For example, to express 9 ppmvd of NOx at 15% oxygen to ppmvd at 3% oxygen: 
 

(20.9 – 3.0) 
Emissions at 3% O2 =  

(20.9 – 15.0) 
X 9 = 27 ppmvd 
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Table 3.  Emission for Different Capstone Microturbine Models in [ppmvd] at 15% O2 

Model Fuel NOx CO VOC
C30 NG Natural Gas (1) 9 40 9

CR30 MBTU Landfill Gas (2) 9 500 40

CR30 MBTU Digester Gas (3) 9 250 40

C30 Liquid Diesel #2 (4) 35 9 9

C65 NG Standard Natural Gas (1) 9 40 7

C65 NG Low NOx Natural Gas (1) 4 40 7

C65 NG CARB Natural Gas (1) 4 8 3

CR65 Landfill Landfill Gas (2) 9 130 7

CR65 Digester Digester Gas (3) 9 130 7

C200 NG Natural Gas (1) 9 40 7

C200 NG CARB Natural Gas (1) 4 8 3

CR200 Digester Digester Gas (3) 9 130 7  
Notes: same as Table 1 

 

Table 4.  Emission for Different Capstone Microturbine Models in [mg/m3] at 15% O2 

Model Fuel NOx CO VOC (5)

C30 NG Natural Gas (1) 18 50 6

CR30 MBTU Landfill Gas (2) 18 620 30

CR30 MBTU Digester Gas (3) 18 310 30

C30 Liquid Diesel #2 (4) 72 11 6

C65 NG Standard Natural Gas (1) 19 50 5

C65 NG Low NOx Natural Gas (1) 8 50 5

C65 NG CARB Natural Gas (1) 8 9 2

CR65 Landfill Landfill Gas (2) 18 160 5

CR65 Digester Digester Gas (3) 18 160 5

C200 NG Natural Gas (1) 18 50 5

C200 NG CARB Natural Gas (1) 8 9 2

CR200 Digester Digester Gas (3) 18 160 5  
Notes: same as Table 1 

The emissions stated in Tables 1, 2, 3 and 4 are guaranteed by Capstone for new 
microturbines during the standard warranty period.  They are also the expected emissions for 
a properly maintained microturbine according to manufacturer’s published maintenance 
schedule for the useful life of the equipment. 
 

Emissions at Full Power but Not at ISO Conditions 
The maximum emissions in Tables 1, 2, 3 and 4 are at full power under ISO conditions.  
These levels are also the expected values at full power operation over the published 
allowable ambient temperature and elevation ranges.   
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Emissions at Part Power 
Capstone microturbines are designed to maintain combustion stability and low emissions 
over a wide operating range.  Capstone microturbines utilize multiple fuel injectors, which are 
switched on or off depending on the power output of the turbine.  All injectors are typically on 
when maximum power is demanded, regardless of the ambient temperature or elevation.  As 
the load requirements of the microturbine are decreased, injectors will be switched off to 
maintain stability and low emissions.  However, the emissions relative to the lower power 
output may increase.  This effect differs for each microturbine model. 

Emissions Calculations for Permitting 

Air Permitting agencies are normally concerned with the maximum amount of a given 
pollutant being emitted per unit of time (for example pounds per day of NOx).  The simplest 
way to make this calculation is to use the maximum microturbine full electrical power output 
(expressed in MW) multiplied by the emissions rate in pounds per MWhe times the number of 
hours per day.  For example, the C65 CARB microturbine operating on natural gas would 
have a NOx emissions rate of: 

NOx = .17 X (65/1000) X 24 = .27 pounds per day 

This would be representative of operating the equipment full time, 24 hours per day, at full 
power output of 65 kWe.   

As a general rule, if local permitting is required, use the published agency levels as the stated 
emissions for the permit and make sure that this permitted level is above the calculated 
values in this technical reference. 

Consideration of Useful Thermal Output 
Capstone microturbines are often deployed where their clean exhaust can be used to provide 
heating or cooling, either directly or using hot water or other heat transfer fluids.  In this case, 
the local permitting or standards agencies will usually consider the emissions from traditional 
heating sources as being displaced by the useful thermal output of the microturbine exhaust 
energy.  This increases the useful output of the microturbine, and decreases the relative 
emissions of the combined heat and power system.  For example, the CARB version C65 
ICHP system with integral heat recovery can achieve a total system efficiency of 70% or 
more, depending on inlet water temperatures and other installation-specific characteristics.  
The electric efficiency of the CARB version C65 microturbine is 28% at ISO conditions.  This 
means that the total NOx output based emissions, including the captured thermal value, is 
the electric-only emissions times the ratio of electric efficiency divided by total system 
efficiency: 

NOx = .17 X 28/70 = .068 pounds per MWh (based on total system output) 

This is typically much less than the emissions that would result from providing electric power 
using traditional central power plants, plus the emissions from a local hot water heater or 
boiler.  In fact microturbine emissions are so low compared with traditional hot water heaters 
that installing a Capstone microturbine with heat recovery can actually decrease the local 
emissions of NOx and other criteria pollutants, without even considering the elimination of 
emissions from a remote power plant. 
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Greenhouse Gas Emissions 

Many gasses are considered “greenhouse gasses”, and agencies have ranked them based 
on their global warming potential (GWP) in the atmosphere compared with carbon dioxide 
(CO2), as well as their ability to maintain this effect over time.  For example, methane is a 
greenhouse gas with a GWP of 21.  Criteria pollutants like NOx and organic compounds like 
methane are monitored by local air permitting authorities, and are subject to strong emissions 
controls.  Even though some of these criteria pollutants can be more troublesome for global 
warming than CO2, they are released in small quantities – especially from Capstone 
microturbines.  So the major contributor of concern is carbon dioxide, or CO2.  Emission of 
CO2 depends on two things: 

1. Carbon content in the fuel 

2. Efficiency of converting fuel to useful energy 

It is for these reasons that many local authorities are focused on using clean fuels (for 
example natural gas compared with diesel fuel), achieving high efficiency using combined 
heat and power systems, and displacing emissions from traditional power plants using 
renewable fuels like waste landfill and digester gasses.   

Table 5 shows the typical CO2 emissions due to combustion for different Capstone 
microturbine models at full power and ISO conditions.  The values do not include CO2 that 
may already exist in the fuel itself, which is typical for renewable fuels like landfill and digester 
gas.  These values are expressed on an output basis, as is done for criteria pollutants in 
Table 1.  The table shows the pounds per megawatt hour based on electric power output 
only, as well as considering total useful output in a CHP system with total 70% efficiency 
(LHV).   As for criteria pollutants, the relative quantity of CO2 released is substantially less 
when useful thermal output is also considered in the measurement.  
Table 5.  CO2 Emission for Capstone Microturbine Models in [lb/MWh] 

Electric Only 70% Total CHP
C30 NG Natural Gas (1) 1,690 625

CR30 MBTU Landfill Gas (1) 1,690 625

CR30 MBTU Digester Gas (1) 1,690 625

C30 Liquid Diesel #2 (2) 2,400 855

C65 NG Standard Natural Gas (1) 1,520 625

C65 NG Low NOx Natural Gas (1) 1,570 625

C65 NG CARB Natural Gas (1) 1,570 625

CR65 Landfill Landfill Gas (1) 1,520 625

CR65 Digester Digester Gas (1) 1,520 625

C200 NG Natural Gas (1) 1,330 625

C200 NG CARB Natural Gas (1) 1,330 625

CR200 Digester Digester Gas (1) 1,330 625

Model Fuel CO2

 
Notes: 
(1)  Emissions due to combustion, assuming natural gas with CO2 content of 117 lb/MMBTU (HHV) 
(2)  Emissions due to combustion, assuming diesel fuel with CO2 content of 160 lb/MMBTU (HHV) 
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Useful Conversions 
The conversions shown in Table 6 can be used to obtain other units of emissions outputs.  
These are approximate conversions. 

Table 6.  Useful Unit Conversions 

From Multiply By To Get 
lb/MWh 0.338 g/bhp-hr 
g/bhp-hr 2.96 lb/MWh 

lb 0.454 kg 
kg 2.20 lb 
kg 1,000 g 

hp (electric) .746 kW 
kW 1.34 hp (electric) 
MW 1,000 kW 
kW 0.001 MW 

 

Definitions 
• ISO conditions are defined as: 15 °C (59 °F), 60% relative humidity, and sea level 

pressure of 101.3 kPa (14.696 psia).    
• HHV: Higher Heating Value 
• LHV: Lower Heating Value 
• kWth: Kilowatt (thermal) 
• kWe : Kilowatt (electric) 
• MWh: Megawatt-hour 
• hp-hr: horsepower-hour (sometimes referred to as “electric horsepower-hour”) 
• Scf: Standard cubic foot (standard references ISO temperature and pressure) 
• m3: Normal cubic meter (normal references 0 °C and one atmosphere pressure) 

 

Capstone Contact Information 

If questions arise regarding this technical reference, please contact Capstone Turbine 
Corporation for assistance and information: 
 

Capstone Applications 
Toll Free Telephone: (866) 4-CAPSTONE or (866) 422-7786 

Fax: (818) 734-5385 

E-mail: applications@capstoneturbine.com  
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Introducing a new generation of fuel cell technology:  

The PureCell® Model 400 Energy Solution.    

Performance Characteristics

Power
Electric power

Voltage/frequency

400 kW/400 to 471 kVA initial
400 kW lifetime average
360 kW initial (ADG) 
480VAC/60 Hz/3 phase**
400VAC/50 or 60 Hz/3 phase

Efficiency

Electrical (LHV)
Overall (LHV)

42% initial/40% nominal (5 yr)
90%***

Fuel

Supply
Consumption (HHV)

Pressure

Natural gas or ADG†

3.60 MMBtu/hr (1,054 kW) initial
3.79 MMBtu/hr (1,110 kW) average
3,493 scfh (98.9 Nm3/hr) initial
3,678 scfh (104.2 Nm3/hr) average
4 to 14 in. water (1.0 to 3.5 kPa)‡

Heat Recovery

Low grade (140°F/60°C supply)§

High grade (250°F/121°C supply)§

1.537 MMBtu/hr (450 kW) initial
1.708 MMBtu/hr (500 kW) nominal
0.683 MMBtu/hr (200 kW) initial
0.785 MMBtu/hr (230 kW) nominal

Water

Consumption
Discharge

None (up to 86°F/30°C ambient)
None (normal operating conditions) 

UTC Power is a world leader in developing and producing fuel cells for on-site power, transportation, space and defense applications. We are committed to 
providing high quality solutions for the distributed energy market that increase energy productivity, energy reliability and operational savings for our customers. 
Building on our unmatched operational experience and a technology platform proven at more than 260 sites worldwide, UTC Power is pleased to offer an 
advanced fuel cell energy solution for the commercial marketplace. 

The ultra clean and quiet PureCell® Model 400 fuel cell can provide up to 400 kW of assured electrical power, plus up to 1.7 million Btu/hour of heat, for 
combined heat and power applications. And with energy efficiencies more than double those of traditional power sources, the PureCell® Model 400 system is 
an energy solution that will not only help you conserve precious resources, it will save you money, shield you from operational interruption, and secure your 
place at the forefront of environmentally sustainable business practices.

Emissions*
NOX

CO
CO2

SOX

Particulate matter/VOCs

0.035 lb/MWh (0.016 kg/MWh)
0.008 lb/MWh (0.004 kg/MWh)
1120 lb/MWh (508 kg/MWh) average
Negligible
Negligible

Noise

Overhaul interval

<65 dBA at 33 ft (10m) with no heat recovery
<60 dBA at 33 ft (10m) with full heat recovery
10 yr

Other

MODEL 400
PureCell® System

MODEL 400
PureCell ® System

energy
R e i n v e n t e d

* Emissions meet 2007 California Air Resources Board standards. ** Operating range from -20° to 113°F (-29° to 45°C) at up to 492 ft (150m). *** Overall efficiency as given assumes full thermal utilization. † All given characteristics are for a natural gas application, unless 
otherwise noted. Maximum allowable levels for natural gas components are documented separately in the PureCell® Model 400 Data and Applications Guide. ADG applications require an additional gas processing unit. ‡ Gauge pressure. § Available heat at rated power. 
Low-grade heat assumes a return temperature of 80°F (27°C); high-grade heat assumes a return temperature up to 230°F (110°C). If high-grade heat is utilized, the remaining value will be available as low-grade heat.   



Physical Characteristics

MODEL 400
PureCell® System

The manufacturer reserves the right to change or modify, without notice, the design or equipment specifications without incurring any obligation either with respect to equipment previously sold or in the process of construction. The manufacturer 
does not warrant the data on this document. Warranted specifications are documented separately.
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MODEL 400
PureCell ® System

Top View

28 ft, 8 in.
(874 cm)

27 ft, 4 in.
(833 cm)

8 ft, 4 in.
(254 cm)

10 ft, 11.5 in.
(334 cm)

9 ft, 11 in.
(302 cm)

Length: 
Width:    
Height:   
Weight:

28 ft, 8 in. (874 cm)
8 ft, 4 in. (254 cm)
9 ft, 11 in. (302 cm)
60,000 lb (27,216 kg)

Shipping Dimensions

Length: 
Width:    
Height:   
Weight:

15 ft, 11 in. (485 cm)
7 ft, 10 in. (239 cm)
6 ft, 7 in. (201 cm)
3,190 lb (1,447 kg)

Shipping Dimensions
15 ft, 11 in.
(485 cm)

6 ft, 7 in.
(201 cm)

7 ft, 10 in.
(239 cm)

Side View

Front View

Top View

Side View



1             Fuel Processor (Reformer)

The Fuel Processor reforms the fuel
(natural gas) to hydrogen gas to 
feed the Fuel Cell Stack.

2             Fuel Cell Stack

Hydrogen gas and air are combined in an electrochemical
process that produces Direct Current (DC) power, pure water 
and heat.  The byproduct water is utilized in the operation of 
the power plant.  The usable heat is available for meeting 
other facility energy requirements (e.g., hot water, space 
heating,  air conditioning and cooling).

3             Power Conditioner

The DC power provided by the
Fuel Cell Stack is conditioned to
provide high quality Alternating
Current (AC) power output.

HOW A FUEL CELL WORKS
PureCell® System

HOW IT WORKS
PureCell ® System

Inside the PureCell® System

A fuel cell is an electrochemical device that combines hydrogen fuel and oxygen from the air to produce electricity, heat and water.  Fuel cells operate without 
combustion, so they are virtually pollution-free.  Since the fuel is converted directly to electricity and heat, a fuel cell’s total system efficiency can be much 
higher than internal combustion engines, extracting more energy from the same amount of fuel.  The fuel cell itself has no moving parts — making it a quiet and 
reliable source of power.



Inside the Fuel Cell

HOW A FUEL CELL WORKS
PureCell® System
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            Anode

As hydrogen flows into the fuel cell 
anode, a catalyst layer on the 
anode helps to separate the 
hydrogen atoms into protons 
(hydrogen ions) and electrons.

1

            Electrolyte

The electrolyte in the center allows 
only the protons to pass through the 
electrolyte to the cathode side of the 
fuel cell. 

2

            External Circuit

The electrons cannot pass through 
this electrolyte and, therefore, must 
flow through an external circuit in the 
form of electric current.  This current 
can power an electric load.

3

            Fuel Cell Stack

Individual fuel cells can be combined 
into a Fuel Cell “Stack” to increase the 
total electrical output.

5

            Cathode

As oxygen flows into the fuel cell 
cathode, another catalyst layer 
helps the oxygen, protons, and 
electrons combine to produce pure 
water and heat. 

4

HOW IT WORKS
PureCell ® System

The fuel cell is composed of an anode (a negative electrode that provides electrons), an electrolyte in the center, and a cathode (a positive electrode that 
accepts electrons).
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Key Features
• High Efficiency

• Low Environmental Impact

• Fuel Flexibility

• High Reliability

• Quiet Operation

Advantages
The DFC®300™ stationary fuel cell power plant from 

FuelCell Energy provides high-quality, Ultra-Clean electrical

power with 47% efficiency in a small footprint. Designed for

commercial and industrial applications, the system offers 24/7

operation, easy transport, quiet and reliable operation, and 

easy site planning and regulatory approval.

Performance
Power Output 
Power @ Plant Rating 300 kW

Standard Output AC Voltage 480 V

Standard Frequency 60 Hz

Optional Output AC Voltages 460, 440, 420, 400, 380 V

Optional Output Frequency 50 Hz

Efficiency
LHV 47 +/- 2 %

Available Heat
Exhaust Temperature 700 +/- 50 °F

Exhaust Flow 3,950 lb/h

Allowable Backpressure 5 iwc

Heat Energy Available for Recovery 
(to 250°F) 480,000 Btu/h
(to 120°F) 808,000 Btu/h

Fuel Consumption 
Natural gas (at 930 Btu/ft3) 39 scfm

Heat rate, LHV 7,260 Btu/kWh

Water Consumption
Average 0.9 gpm

Peak during WTS backflush 10 gpm

Water Discharge
Average 0.45 gpm

Peak during WTS backflush 10 gpm

Pollutant Emissions
NOx 0.01 lb/MWh

SOx 0.0001 lb/MWh

PM10 0.00002 lb/MWh

Greenhouse Gas Emissions
CO2 980 lb/MWh

CO2 (with waste heat recovery) 520-680 lb/MWh

300 kW, 480 VAC,
333 kVA, 50 or 60 Hz

Electrical Balance 
of Plant (EBOP)

Mechanical Balance 
of Plant (MBOP)

Fuel Cell Module

DFC300



FuelCell Energy, Inc.

3 Great Pasture Road 

Danbury, CT 06813-1305 

203 825-6000

www.fuelcellenergy.com

Dimensions
Front View
A Overall Width 20.0 ft

B Height of Air Intake Filter 15.1 ft

C Height of Exhaust Stack 14.5 ft
(Required on units with no heat recovery)

Weights
Mechanical Balance of Plant 27,000 lb

Electrical Balance of Plant 15,000 lb

Fuel Cell Module 35,000 lb

Side View
D Overall Length 28.0 ft

E Height of EBOP 11.8 ft

F Height of Discharge Vent 14.5 ft

Noise Level
Standard 72 dB(A) at 10 feet

Optional 65 dB(A) at 10 feet

Specifications

Experience & Capabilities
With more than 35 years of experience, FuelCell Energy 

is recognized as a world leader in the development,

manufacture, and commercialization of fuel cells for stationary

electric power generation. The result of years of research 

and the investment of more than $530 million, our patented,

carbonate Direct FuelCell products have generated more 

than 200 million kilowatt hours of electrical energy to date at

more than 50 locations worldwide.

This brochure provides a general overview of FuelCell Energy products and services. This brochure is provided for informational purposes only.
Warranties for FuelCell Energy products and services are provided only by individual sales and service contracts, and not by this brochure.
This brochure is not an offer to sell any FuelCell Energy products and services. Contact FuelCell Energy for detailed product information 
suitable for your specific application. FuelCell Energy reserves the right to modify our products, services, and related information at any time 
without prior notice.

FuelCell Energy’s fleet of Direct FuelCell power plants are certified to or comply with a variety of commercial and industrial standards:
ANSI/CSA America FC-1, UL 1741, CARB 2007, OSHA 29 CFR Part 1910, IEEE 1547, NFPA 70, NFPA 853, and California Rule 21.

©2008 FuelCell Energy, Inc.

DFC300



Key Features
•  High Efficiency
•  Low Environmental Impact
•  Fuel Flexibility
•  High Reliability
•  Quiet Operation

Advantages
The DFC1500™ stationary fuel cell power plant from 
FuelCell Energy provides high-quality, Ultra-Clean electrical
power with 47% efficiency 24/7. Designed for commercial and
industrial applications, the system offers easy transport, quiet
and reliable operation, and easy site planning and regulatory
approval. The DFC1500 is ideal for wastewater treatment plants,
manufacturing, food and beverage processing, large hotels, 
hospitals, and universities. 

Performance
Power Output 
Power @ Plant Rating 1,400 kW

Standard Output AC Voltage 480 V

Standard Frequency 60 Hz

Optional Output AC Voltages 460, 440, 420, 400, 380 V

Optional Output Frequency 50 Hz

Efficiency
LHV 47 +/- 2 %

Available Heat
Exhaust Temperature 700 +/- 50 °F

Exhaust Flow 18,300 lb/h

Allowable Backpressure 5 iwc

Heat Energy Available for Recovery 
(to 250°F                                                                                    2,216,000 Btu/h
(to 120°F) 3,730,000 Btu/h

Fuel Consumption
Natural gas (at 930 Btu/ft3) 181 scfm

Heat rate, LHV 7,260 Btu/kWh

Water Consumption
Average 4.5 gpm

Peak during WTS backflush 15 gpm

Water Discharge
Average 2.25 gpm

Peak during WTS backflush 15 gpm

Pollutant Emissions
NOx 0.01 lb/MWh

SOx 0.0001 lb/MWh

PM10 0.00002 lb/MWh

Greenhouse Gas Emissions
CO2 980 lb/MWh

CO2 (with waste heat recovery) 520-680 lb/MWh

1.4 MW, 480 VAC, 
1,550 kVA, 50 or 60 Hz

Electrical Balance 
of Plant (EBOP)

Mechanical Balance 
of Plant (MBOP)

Fuel Cell Module

DFC1500



FuelCell Energy, Inc.
3 Great Pasture Road 
Danbury, CT 06813-1305    
203 825-6000

www.fuelcellenergy.com

Specifications

Experience & Capabilities
With 40 years of experience, FuelCell Energy is recognized as a world leader in the development, manufacture, and commercial-
ization of fuel cells for stationary electric power generation. The result of years of research and the investment of more than
$530 million, our patented, carbonate Direct FuelCell products have generated more than 340 million kilowatt hours of electrical
energy to date at more than 50 locations worldwide. 

This brochure provides a general overview of FuelCell Energy products and services. This brochure is provided for informational purposes only.
Warranties for FuelCell Energy products and services are provided only by individual sales and service contracts, and not by this brochure. 
This brochure is not an offer to sell any FuelCell Energy products and services. Contact FuelCell Energy for detailed product information suitable for
your specific application. FuelCell Energy reserves the right to modify its products, services, and related information at any time without prior notice.

FuelCell Energy’s fleet of Direct FuelCell power plants are certified to or comply with a variety of commercial and industrial standards:  ANSI/CSA
America FC-1, UL 1741, CARB 2007, OSHA 29 CFR Part 1910, IEEE 1547, NFPA 70, NFPA 853, and California Rule 21.

FuelCell Energy with the corresponding logo is a registered trademark of FuelCell Energy, Inc. “Direct FuelCell,” “DFC” and “DFC/T” are registered trade-
marks of FuelCell Energy, Inc.    © FuelCell Energy, Inc. 2009. All rights reserved.

DFC1500

9/22/09

14’

42’

20’

58’
17’

13’

Weights
Water Treatment Skid        
20,000 lb

Main Process Skid
50,000 lb

Desulfurization
15,000 lb

Electrical Balance of Plant
50,000 lb

Fuel Cell Module 
107,000 lb
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